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STUDIES IN HOME CANNING* 
1. Some Factors Ajfeciing ilie Keeping Qualities of Vegeiahles and Meals 
Canned hy the Hot Water Bath Method** 
By GERTRUDE SUNDBRLIN WITH P. MABEL NELSON AND MAX LEVINE 
From the Departments of Foods and NiUrition and Bacteriology. 
Received for publication March 17, 1928. 
INTRODUCTION 
Altliougli the hot water bath method of canning vegetables and meats 
has been employed in the home for many years, a survey of reconnnended 
procedures discloses an extreme lack of agreqment as regards the period 
of heating necessary to produce products which will keep satisfactorily. 
Thus a perusal of bulletins published by the Extension Departments of 21 
different states sinc-e 1924 indicates the following variations in the heating 
periods recommended: 
Asparagus 
Beani> 
Beets 
Corn 
Greens 
Peas 
Squash 
Tomatoes 
1 -3 hours 
V/i-3 hours 
1 -2 hours 
lV^-4% hours 
1 -3 hours 
hours 
1 -5 hours 
12-45 minutes 
The experience with botulism from canned foods has naturally raised 
a question as to the efficacy of the method formerly j'ecommendcd for can­
ning both home and commercially prepared products and has led some to 
look with disfavor on the hot water bath method. Thus tlie United States 
Department of Agriculture, Bureau of Home Economics (1924) and Stan­
ley (1926a) recommended that the pressure cooker (autoclave) be used 
for all vegetables except tomatoes, so as to reduce "spoilage difficulties and 
the risk of poisoning from occasional contamination with botulinus bac­
teria." Again Stanley (1926b) stated that "special work has been done 
on canning asparagus and different varieties of beans and the spoilage 
records substantiate our earlier conclusion that these vegetables should be 
processed under pressure," but unfortunately no data were presented to 
substantiate this conclusion. 
*This forms part of a thesis submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy, Iowa State College. 
••This work was made possible through a Fellowship malntaiucd by the Ball " 
Brothers Company, Muncie, Indiana. 
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It may be questioned if the steam pressure cooker would be more effi­
cient in the hands of an untrained housewife than the boiling water method 
with an adequate processing period. The variation in the heating periods 
recommended for home canning of vegetalbles has already been referred to. 
This, together with the scarcity of published data on the efficiency of the 
water bath method of food preservation, led to the studies reported in this 
paper. 
HISTORICAL 
As early as 1909, the United States Department of Agriculture pub­
lished a bulletin which gave directions and time tables for home canning 
of non-acid vegetables by the hot water method. (Breazeale, 1909). In 
spite of the fact that the home canning of vegetables and meats increased 
tremendous'ly at the time, of the war and that time tables for processing by 
the hot water bath method have been recommended by the U. S. Bureau 
of Home Economics and the extension workers in the diiforent states, there 
are veiy few experimental results published to show the basis for the recom­
mendations made. The availaible published data on the efficiency of the 
hot water bath method of canning are reviewed below. No attempt has 
been made to include the immense canning literature of the commercial 
field or writing on home canning where experimental data are not given. 
Normington (1919) reported results from the canning of 213 jars of 
peas.by the cold pack method, one lot processed in streaming steam, five in 
the hot -wiater bath and seven at 15 pounds pressure. The proportion of 
spoilage varied from about 6 to 100% on the different days. Of those auto-
claved at 15 lbs., 50.9% spoiled, whereas those cooked 3 hours in the hot 
water bath showed 63.9% spoilage. On all but one day the peas were left 
overnight, after gathering, before they were canned. The one time the 
canning was done on the same day the peas were picked gave a lower per­
centage of spoilage (12.1% for 40 min. at 15 lbs.). In view of the fact that 
the freshness of material canned has an important bearing on the keeping 
qualities, it would be necessary, in comparing the two methods of process­
ing, to restrict the comparison to material of the same degree of freshness. 
If, therefore, the ono batch which Was canned fresh ivS eliminated from the 
comparison, the proportion spoiled is found to be 63.9% in the hot water 
bath and 66.7% for that canned at 15 lbs. pressure. These figures are not 
strictly comparable as some of the processing was done in pint jars and 
some in quarts and the proportionate nunAer of each wiis not always given. 
Prom the evidence she pre'sented it appears that there was no clioice be­
tween the pressure cooker and the hot water bath from the standpoint of 
spoilage. 
Skinner and Glasgow (1919)* made an extensive study of the canning 
of asparagus (664 pints), observing such variables as time of process, 
different methods of intermittent processing, addition of salt and addition 
of acid. They found that the 3 hour process Avithout acid showed 50% 
spoilage, the 2 hour boiling a still greater loss and all processed for less 
than 2 houi.'s spoiled. They suggested adding one tablespoon of 4.4% 
vinegar to each quart of Avater used to fill the jars. With this addition, a 
2 hour process Avias found sufficient for the asparagus to keep. 
Margaret MacFarlane (1919) reported results of experiments in can­
*A!so reportecl jn Kansas Experiment Station Report, 1919, p. 76. 
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ning 459 pints of vegetaibles, using the one period hot water bath process, 
tho intermittent three day process and pressure cooker process at 10 and 
15 lbs. With 11 different vegetables and several process methods there were 
necessarily only a small number of jars of each vegetable canned by each 
method. In many eases only two or three jai-s were employed for each 
variable, the largest number being 40. She recommended intermittent 
sterilization for asparagus, .beans, corn and peas; the one pei'iod process 
1 hour for beets and cauliflower, 2 hours for beet greens, carrots and Swiss 
chard, and 22 minutes for tomatoes. The recommendations were based on 
no spoilage in the following number of jars: asparagus 15, beans 22, beet 
green.s 3, cauliflower 5, corn 15, peas 16, Swiss chard 6, tomatoes 30. In 
case of beets, 8 of the 26 jars canned by the recommended method spoiled 
and in the case of carrots there were 2 spoiled out of 25 prepared, but this 
spoilage was attributed to factors other than length of time of processing. 
Biester, Weigley and Knapp (1921) canned 175 jars of vegetables, 
including beet gx-eens, beets, beans, carrots, com, tomatoes and pumpkin, 
by the cold pack method. They noted the effect of storage temperature 
upon keeping quality. Of 113 jara kept in a cellar at a temperature from 
0 to 23° C. only 9 spoiled, "wQiile 33 of the 62 jars kept in the incubator at 
28° to 32° C. spoiled. 
Bdmondson, Thom and Giltner (1922), in work witli boric acid can­
ning powder, canned one series of vegetables according to the "one period 
cold-pack" method of Farmers' Bulletin 839. Of the vegetables canned 
in this way they had spoilage from one of four jars of corn, none of eight 
asparagus and one of fom- string ibeans, none of two lima beans and two of 
two peas. The others they canned were inoculated with organisms or 
canned with the addition of canning compound and therefore are not perti­
nent to this investigation. 
Levine (1923), in tho couree of a series of experiments on the value of 
boric acid camiing compound in food preservation, gave .spoilage records 
for a number of jars canned according to the "cold pack" method of 
Farmers' Bulletin No. 839, U. S. D. A. Of 31 jars of asparagus, carrots, 
corn, string beans aiid green peas processed the recommended time lengths 
only one jar of corn was spoiled. The temperature of incubation, was from 
19° to 37° C. Th material was exceptionally fresh, being gathered imme­
diately before canning, tho longest time elapsing between picking and the 
beginning of processing being 3 hours in the ease of corn. This might 
explain the extremely small amount of spoilage. 
In 1924 an extensive investigation was carried on with commercial pro­
cessing of tomatoes. Part of the results would be applicable to home con­
ditions. Esty (1925) reported briefly the results of this work. There were 
15,000 cans of tomatoes inoculated with spoilage organisms and processed 
for different times under different conditions. The temperature and time 
necessary to sterilize was largely dependent upon the initial contamination. 
Pressure cooking was thought to offer no advantage over the hot water bath. 
Abbott (1926) reported work done on the canning of peas and corn. 
Two processes were used: 3 hours in the hot water bath and 50 minutes at 
10 lbs. pressure. The peas processed by either method spoiled and the corn 
did not. Ho stated that the packing method may have 'been a factor, as 
the corn was packed very loosely and the jai's were filled with hot water, 
which made the heat penetrate more quickly to the center of the jars. 
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Considerable work on the value of acid in the canning of vegetables 
has been done in the laboratoiy of the University of California by Cruess 
and his eo-woi'kers. Experimental work of Cruess (1916) showed that ])eas, 
beans, pumpkins, beets, turnips, artichokes and asparagus processed 1 hour 
in a bi-ine to which lemon juice had been added kept perfectly, while those 
without the acid spoiled. He recommended from 4 to 8 oz. lemon juice per 
gallon of brine for the various products and a process of from 45 minutes 
to 1 hour in cans and 1 hour to hours in jars. The details of the ex­
periments were not reported. In a later publication (1925) he recom­
mended IG tablespoons (8 oz.) strong vinegar or lemon juice per gallon of 
water used to can asparagus, green beans, beets, carrots, turnips, parsnips 
and onions and 8 tablespoons for meats, with a process time varying from 
21/^ hours for beets to 4 hours for most of the vegetables and meats. Al­
though ho recommended the same concentration of acid as in 1916, lie 
stipulated a much longer process time than formerly recommended. 
Cruess, Fong and. Liu (1925) carried on extensive experiments to 
show the role of acidity in vegetable canning. Their work was done with 
vegetables inoculated with CI. sporogenes, CI. hotulinum, and a heat resist­
ant thermophile, with brines made up to different pH values by addition 
of acetic, hydrocloric and citric acids. They found the effect of pH value 
on heat resistance of these spores to be veiy pronounced and that it was 
possible to sterilize canned vegetables much more easily in acidified brines 
than in non-acidified brines. 
Fong (1926) concluded that the final reaction of corn, beans, spinach 
and asparagus which had been acidified must be pH 5.0 or loss to greatly 
decrease the death time of CI. sporogenes, CI. hotulinxm and the thermo­
phile which he employed. When the vegetables were processed for not less 
than one hour at 212° F., the reaction of the original brine which was 
found to be dependable for the prevention of spoilage by CI. hotulinum, 
CI. sporogenes, and the thermophile was pH 2.8 to 3.0. In jars inoculated 
Avith CI. sporogenes- and processed one hour at 212°, he had no spoilage of 
sweet corn when the original reaction of the citric acid brine was pH 3.2 
and the final pH 5.0, no spoilage of string beans when the original reac­
tion was pI-I-3.6 and the final pH 5.0, no spoilage in spinach when the 
original reaction was pH 2.2 and the final pH 4.0, and no spoilage in 
asparagus when the original reaction was pH 3.6 and the final pH 4.G. 
With more alkaline reaction or a shorter process time, spoilage resulted. 
EXPERIMENTAL 
The work reported here is restricted to observations on the hot water 
bath method, Avith a view to securing spoilage data and time tables for this 
method of canning vegetables and meats. The vegetables were canned 
during the summer of 1926 and 1927 and the meat in the winter of 1927. 
The canned products were stored for a period of from 5 to 8 montlis 
at temperatures varying from. 21 to 29° C. (average about 24° C.). Con­
ditions of canning were controlled as far as was possible. The variety and • 
condition of the product, weather conditions, pll of the water used, baro­
metric pressure and bacterial count of the product as it went into the 
boiler were noted. 
One jar from each boiler was opened as soon as possible after process­
ing to determine the oi-iginal condition of the product, to serve as a basis 
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for comparison later. The general appearance, odor, suction, pH. titrable 
acidity, ammonia and amino nitrogen as detemined by the Sorenson formol 
titration, microscopic examination of the sediment and bacterial counts 
on plates at 37° C. and 20° C. and in dextrose broth tubes were noted. The 
jars on the shelves were observed at regular intervals and tests as described 
above were made on the products as they spoiled. The jars wliich had not 
sliown evidence of spoilage at tlie end of the storage period were opened 
and tested as above. 
Jars which gave evidence of bacterial growth or change due to bac­
terial growth by organoleptic, chemical or bacteriological tests were con­
sidered to he spoiled. Jtai-s Avhieh did not have a perfect seal at the time 
of canning, as evidenced by the failure of the new zinc caps to be drawn 
dowi by suction, were not included in evaluating the relation of period of 
processing to spoilage. Such imperfection Avas found likely to be a cause 
of spoilage irrespective of the process time. 
TABLE I. The record of 3040 jars of vegetables and meats canned during 
192G-1927. 
Jars Broken or Bxaminedf Jars 
canned discarded as controls stored 
Pork . 288 G 20 262 
Beef 33G 11 24 301 
Tomatoes 144 G 12 12G 
Asparagus 230 5 18 207 
Beans 192G 484 11 39 434 
Beans 1927 532* 5 31 472 
Chard 192G 120 1 10 109 
Chard 1927 2G4 0 21 243 
Sweet Corn 1920 294 3 30 201 
Sweet Corn 1927 348 2 29 317 
Total 3040 50 234 • 2732 
*24 jars in storage at time of preparing this paper. 
tThese were opened soon after preparation and examined bacteriologically and 
chemically to serve as a basis for comparison. 
GENERAL PROCEDURE 
The variations in the methods followed in the canning of different 
foods are detailed below. In general, the canning was carried out in the 
following manner: By previous arrangement with the gardener, the vege­
tables were gathered and brought immediately to the laboratory. They 
were thoroughly washed through several waters and cut for packing. The 
desired amount of vegetable for each jar was weighed and then precooked 
l)y adding a measured quantity of boiling water and cooking in a small 
uncovered sauce pan over a gas burner for fiv-e minutes. {Precooking is 
the term used to designate the process -vVhereby the product is thoroughly 
heated before being put into the jars aiid the water in which it had been 
heated is used to fill the jars.) The precooked product was packed into 
the hot jar as quickly as possible. If the liquid on the product did not 
fill the jar to within % inch of its top, boiling water was added. A hot 
cap was sciwed on until the seal was within % inch of completion. The 
jars were submerged in sufficient boiling water to cover the caps to a depth 
of at least three inches and timing was started when the water reached the 
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boiling temperature. The processing consisted of keeping the jars covered 
by boiling watei' for definite lengths of time. After the desired periods of 
proeessnig, the jars were removed, the seal completed at once, and the jars 
inverted. They were left in the laboratoiy overnight and the next morn­
ing examined for imperfect seals, labeled and stored. Pint Ball Mason 
jars were used. New Ball rabbers and new Ball zinc caps were used ex­
cept where otherwise indicated. Twelve jars were processed at one time 
111 a boiler. Individual racks held tlie jars. 
On the days when the materials were canned, the theoretie.'iI boilhi"-
pomt of water varied from 98.87° C. to 99.22° C. due to differences in the 
barometric pressure. 
ASPARAGUS 
Methods iised.—ln the control method with asparagus, the product 
was scalded and the water discarded, fresh boiling water being used to 
fill the jars. The scales were removed from the stalks, except at the tip, 
during the cleaning of the asparagus. Three hundred gram portions of 
^paragus were used to each pint jar, making a fairly loose pack. Pre-
liminaiy experiments were made to ascertain the difference' in flavor of the 
asparagus packed cold, precooked and scalded; The asparagus that was 
scalded and the wiater discarded was mildest in flavor. Since canned aspara­
gus is considered by some to be too strong in flavor, scalding rather than 
precookmg was chosen for the control method. (Scalding differs from 
precooking only in that the water used is drained off and discarded and 
fresh boiling water added to fill the jars.) It was also thought that dis­
carding the scalding water might discard enough bacterial spores to make 
some difference in the keeping qualities of the product. On one day, half 
of the jars were filled with scalded asparagus and half with the precooked 
product. Aluminum caps were used on half the jars in each boiler 
throughout the canning of asparagus. 
The asparagus canned with the addition of acid was treated in the 
same manner except that the boiling water added to the jar contained 
2.0 c.c. of 5 normal phosphoric acid or 1.5 c.c. of 5 normal citric acid for 
220 c.c. of liquid used. Preliminary trials indicated that these respective 
quantities of acid could be added without detrimental effect on the flavor 
of the product. The 220 c.c. of liquid was added to each jar of scalded 
asparagus. The reaction of the liquid before processing was pH 3.4 with 
citric acid and pll 2.2 with phosphoric acid. After processing, the liquid 
in the case of the non-aeidified aspai-agus showed a pH of 6.0 to 6.2, while 
that with either citric or phosphoric acid added was pH 5.1. After seven 
nionths storage the liquid in the "no acid" jars was pH 5.8-6.0 and that 
in the acid jars was pH 5.6. 
Results.—Asparagus ^ could not always be secured in large enough 
quantities to can all the jars of one series on the same day. On each daj' 
at_least ten jars were canned by the control method. There was more vari-
spoilage obtained on different days Avith these control jars 
than for the different process times on any single day. For instance, there 
was no spoilage in the 2 hour process of those canned on June 3d, while 
on May 11th there was 10% spoikge and May 18th, 78.6%. For this rea­
son the summary of spoilage Avith different lengths of process must be 
employed with caution. Apparently some undetemined factors influ-
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cnced the keeping qualities of the asparagus. The results are summarized 
in Ta;bles II and IIA. 
TABLE II. Showing spoilage records o£ 207 jars of asparagus canned under differ­
ent conditions. 
Process time in hours 3 1 2% 1 2 1 m 1 1 
Variable observed Date 
canned 
No. jars 
per pro­
cess time 
Percentage spoiled 
Effect of removing scales from stalks 
Scales removed 
Scales not removed 
5/18 
5/18 
14 1 35.7 
14 [ 35.7 
78.6 
64.3 
Effect of precooking rather than scalding 
Scalded 
Precooked 
6/3 
6/3 
10 
11 
0 
0 
Effect of addition of acid 
No acid (control) 
Phosphoric acid 
No acid (control) 
Citric acid 
5/14 
5/14 
5/23 
5/23 
10 
10, 10, 11 
10 
11, 9, 11 
30 
10 
0 
0 
0 
11.1 
36.4 
9.1 
Effect of batch of material 
Batch canned on M »» »» 
)) ft tt 
i|C »» >» tt 
i|( »» »» »» 
)|i it tt tt 
5/11 
5/14 
5/16 
5/18 
5/23 
6/3 
10 
10 
14 
14 
10 
11 
35.7 
30 
10 
28.5 
10 
78.6 
0 
50 
92.9 
*Nated also in sections above. 
TABLE IIA. Summary of asparagus canned without acid. 
Process time in hours 3 2% 2 1% 
Number jars stored 38 24 59 24 
Number jars spoiled 13 5 21 18 
% spoiled 34.2 20.8 35.6 75.0 
Although the removal of the scales from the stalks eliminated consid­
erable dirt, and consequently large numibors of bacteria, such cleansing 
did not make a significant difference in the percentage of spoilage on the 
day this factor was used as a variable. Prom a bacterial count of the dirt 
washed off in removing scales from two stalks, it was e.stimated that about 
4,000,000 more bacteria were added to the jars when the scales were not 
removed. However, the scales from the tips were not removed in any case 
and it is possible that enough dirt was left in them to make the amount 
removed of no significance. 
Precooking, as compared with scalding, made no significant difference 
in the keeping qualities of asparagus under the conditions that prevailed 
on the day of the experiment. Bacterial counts of discarded scalding water 
sliowed about 500 bacterial spores per c.c. of water. It may be that the 
plant acids discarded at the same time counterljalanced the advantage of 
having a product with fewer spores to kill. The pH difference of the two 
products was not discernablo colorometrioally, but the titrable acidity was 
slightly higher in the precooked jars. 
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The addition of acid had a decided eii'eet on the keeping of aspai'agus. 
Both the phosphoric and the eitx'ic acid series were run on days when 
spoilage in the "non-acid" controls showed up in longer process times 
than were employed for the acid series. There was no spoilage in the 2 
hour process when citric acid was added, while the 3 hoi;r "no-acid" series 
showed 30% spoilage on the same day. .There was no spoilage in the iy2 
or 2 hour process when pho,sphorie acid was added, while the 2]/^ hour "no-
acid series of that day gave 10% spoilage. 
Since the keeping of asparagus in the 3 hour hot water bath process 
is partially dependent on some undetermined factor, it would seem advis­
able to use the 2 hour process with the addition of acid when the liot water 
bath method ds employed. 
BEANS 
The control method used for canning beans was the same as outlined 
in the general method for vegetables except that in 1927 the precooking 
time was shortened to three minutes. For each pint, 340 grams of green 
TABLE III. Showing spoilage records of 472 pints of green beans canned under 
different conditions (1927). 
Process time in hours 2% 2 V/o 1 
Variable observed Percentage spoiled* 
Effect of precoolcing, scalding or packing cold 
Packed cold 
Precooked 
Scalded 
0 (10) 
0 
0 
0 
0 
11.1 (9) • 
Effect of delay in processing after precooking 
Processed Immediately 
Processed after 2 hours 
Processed after 4 hours 
9.1 
0 
0 (12) 
3G.4 
0 (12) 
8.3 (12) 
Effect of storage temperature 
Basement 12-21° C. 
Room 21-28.5° C. 
Incubator 37° C. 
Incubator 55° C. 
0 
0 
G6.G (12) 
100 (12) 
0 
0 
100 (12) 
100 (10) 
Effect of character of cap^ and rubbers 
Half aluminum caps, half zinc 
Caps from 1926 spoiled beans 
Rubbers used once in 192G 
0 (23) 
IG.G (12) 
0 (10) 
0 (23) 
25.0 (12) 
Effect of source of beans 
Secured from B 
Secured from H 
0 (7) 
0 (7) 
42.9 (7) 
14.3 (7) 1 1 
Effect of consistency of pack 
Loose pack 
Solid pack 
0 
0 
0 
0 (10) 
Effect of addition of acid 
No acid added 
Citric acid added 
Phosphoric acid added 
0 
0 
0 
9.1 
0 
0 
45.5 
0 
9.1 
•Percentage based on 11 jars except where otherwise indicated by numbers in ( ). 
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beaiis were used in 1926, 300 grains of yellow beans in 192G and 275 grams 
of green beans in 1927. The beans canned in 1926 were stored for a period 
of about eight months and those canned in 1927 for five to six months. The 
variables, aside from time of processing, were: various methods of "pre-
treatment" (scalding, precooking or packing cold), delay in processing 
after precooking, storage temperatures, caps and rubbei-s, source of pro­
duct, tightness of the pack, addition of acid, delay in completing the 
seal, and freshness of the product. The results are summarized in Tables 
III, IV and IVA. 
TABLE IV. Showing spoilage records o£ 434 pints o£ beans canned in 1920 under 
different conditions. 
Process time in hours 4 3% 3 2% 2 11/2 
Variable observed Percentage spoiled* 
Effect of storage before canning 
Canned fresh 
Canned after 1 day 
Canned after 3 days 
Canned after 5 days 
0 
9.1 
0 (18) 
18.2 
0 
33.3 (21) 
9.1 
28.0 (21) 
4.5 
13.6 
13.G 
59.1 
0 (10) 
30 (10) 
3G.4 (11) 
100(5) 
22.7 
18.2 
42.9 (21) 
73.3 (15) 
70 (10) 
54.5 (11) 
27.3 (11) 
Effect of time elapsing before completion of seal 
Seal completed 
15 sec. 
Seal completed 
30 sec. 
Seal completed 
45 sec. 
Seal completed 
GO sec. 
after 
after 
after 
after 
0 (4) 
0 (4) 
0 (4) 
0 (IG) 
•Percentage based on 22 jars where not otherwise indicated by number in ( ). 
TABLE IVA. Summary of beans canned under ordinary conditions.* 
(Prom Tables III and IV) 
Process time in hours 
Number jars stored 
Number jars spoiled 
%~spoiled 
4 3% 3 2% 2 V/2 1 
50 22 22 144 144 32 11 
0 0 1 1 10 12 5 
0 0 4.5 O.G G.9 37.5 45.5 
•Excludes those stored at incubator temperature, those treated with acid, those 
canned with caps from spoiled beans and those stored before or after precooking 
before processing. 
Effect of scalding, precooking or packing cold.—To ascertain the effect 
of methods of treatment before processing the following series were pre­
pared : 
(1) 24 jars were filled with beans which had been, precooked for 3 
minutes. These served as controls. 
(2) 24 jars were prepared Avith beans that had been scalded for the 
same length of time. The water had been discarded and the jars were filled 
with boiling water. 
(3) in 24 jars the beans were packed cold and covered with boiling 
Avater. 
Scalding, precooking or packing cold made no significant difference in 
the keeping of the beans. 
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Effcct of delay in processing after precooking.—To ascertain the effeet 
of delay in processing, 24 jars were processed immediately after precook­
ing, 24 were allowed to stand in a warm room (at about 26° C.) for two 
hours and another 24 for four hours. A temperature record was taken 
of the cooling curve of the beans after precooking. At the end of one hour 
the tempei-ature was 52° C., at the end of two liours 39° C., and at the end 
of three hours 31° C. The heating curves of the cooled beans and the beans 
processed while hot were not taken as Magoon and Culpepper (1922) have 
shown that water bath temperature was reached only six or seven minutes 
later when quart jars of string beans were started at 20° C. than wlien 
they M'ere started at 80° C. The difference would be still less iii pint jars. 
The bacterial count taken from one jar of the beans changed, on stand­
ing, from 4 per c.e. in the precooked material to 25.per c.c. in the same 
after two hours and to 40 per c.e. after four hours. The two and four hour 
liquids, after being brought to boiling, gave a count of 8 and 3 per c.c., 
respectively. 
The delay in processing after precooking had a favorable effect on the 
keeping of the beans. The beans that were held for two hours after pre­
cooking before processing showed no spoilage in the 2i/^ or 1^^ hour pro­
cess, while those that were processed immediately showed 9.1% and 36.4% 
spoilage, respectively. This might appear at first thought contrary to our 
usual conceptions. These results mdght be explained in the following man­
ner. The vegetative cells were killed, for the most part, by the precooking. 
Many of the spores might germinate during the time elapsing before be­
ginning the final processing, thus reducing the number of re.sistant cells to 
bo destroyed. Similar experiments would have to be carried out with beans 
on different days and 'beans from many sources before one could say that 
holding for a definite intei'val after precooking would be likely to reduce 
spoilage. The number of jars canned was not large enough to warrant 
definite conclusions, but the results indicate that experiments along this 
line might be illuminating. 
Effect of storage temperature.—The beans that were to be stored at 
different temperatures were canned according to the control method. Three 
jars from each boiler were taken to make up the 24 stored at each tempera­
ture range. Those stored in a basement wore in a private home in the vege­
table iX)om opening from the furnace room. The temperature in August 
was as high as 21° 0. in this basement room and the lowest temperature 
recorded was 12° C. Those stored at room temperature were subjected to 
a range of from 21 to 28.5° C., the average being about 24° C. This room, 
a small inside storage room in the basement of Home Economics building, 
w.as used to store the other caimed products. The tJiird series was stored 
at 37° C. and the fourth at 55° C. 
The temperature at which the canned beans were stored had a decided 
effect on the keeping qualities. No diffrence was obsei-ved between the 
l>asement and room temperatures, since there was no spoilage at either 
range in the 2i/^ or the 2 houi* process.. However, at 37° C. and 55° C. the 
amount of spoilage was 66 and 100%, respectively. This indicates that 
sterility was not obtained, although the process time was sufficient to yield 
keeping products when they were stored at lower temperatures. 
Effect of character of caps and ruhhers.—In this series 24 pints of 
beans were canned with new aluminum caps, 24 pints with new zinc caps, 
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24 pints with caps from jars of beans which had spoiled in 1926 and 12 
pints with rubbers that had been used in 1926, but were not from jars that 
liad spoiled. The caps from the spoiled beans had been washed when the 
beans were opened and had been kept at room tempei'ature. They were 
washed again and boiled five minutes before using. 
The beans that were canned using aluminum caps instead of zinc kept 
equally well. Ke-use of rubbers that had been used in 1926 made no dif­
ference in securing a perfect seal or in the keeping of the jars thus treated. 
Using caps that had been taken from jars of spoiled beans in 1926 made a 
distinct difference in the keeping of the product. Thus, whereas jars pro­
cessed with new caps for 2^2 and 2 hours showed no spoilage, those in 
which the old caps were employed gave 16.6% and 25% spoilage for the 
respective process periods. 
Effect of source of beans.—The beans in 1927 were secured fi'om two 
gardens ("B" and "H"). On one day the beans were secured from 
both gardens to get a comparison of the spoilage. The comparison involved 
another factor, however, as the beans from "B" were more mature than 
the beans from "H". Tliis difference in maturity was observed with the 
other beans from these sources. 
The spoilage results were slightly different with the beans from the 
two gardens, although not a.s different as the results on the day when this 
was employed as the variable would indicate. Considering all of the 2 
hour proce.ss beans (1927) canned by comparable methods, 61 pints were 
from beans secured from gai'den "B" and 61 from garden "H". Of these 
there was 6.3% and 1.6% spoilage, respectively. On the day "source" was 
used as a variaible there was a higher percentage of spoilage than usual in 
the beans secured from both gardens. 
Effect of consistency of pack.-—^In the scries with variation of pack, 
212 grams of beans per pint were used in the loose pack and 425 grams in 
the solid pack. The loose pack required more Avater to fill the jars after 
packing, while the solid pack was so tight that there was little room for 
Avater. 
The consistency of the pack made no difference in the keeping qualities 
of the beans canned. Heat penetration figures obtained by Ecdfield (1927) 
showed a difference of at least 30 minutes in the time required for the loose 
and solid pack to reach the process temperature. From these figures it 
would be expected that at son^e process time lengths there would be a dif­
ference in keeping qualities, but a short enough time was not used to show 
this in these experiments. 
Effect of addition of acid.—The beans that were canned with the addi­
tion of acid were treated and processed according to the control method 
except that 1.2 c.c. of 5 normal phosphoric acid or 0.8 c.c. of 5 normal citric 
acid were added to the cup of water used in precooking the contents of 
cach jar. The reaction of the acidified water was pH 4.0 with the citric 
and pH 2.6 Avith the phosphoric acid. After processing, the reaction of 
the liquid on the non-acidified beans Avas pH 6.0, Avhile that Avith citric or 
phosphoric acid Avas pH 5.3. After five months storage the reaction of the 
liquid in the non-acidified bea.ns Avas pH 5.4, Avhilc that in the acidified was 
pH 5.3-5.4. 
The addition of acid decreased the time necessary for processing the 
beans. There Avas no spoilage in the 1^/^ hour process Avhen acid Avas 
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added, but on this day there was only 9.1% spoilage in the 11/2 hour "no-
acid" beans. In the 1 hour process, there was 45.5% spoilage in the "no-
acid" beans, none in those to which citric acid had been added, and 9.1% 
in those to which phosphoric acid had been added. One and one-half hours 
Avas a satisfactory process time for the beans canned with the addition of 
acid. 
. Effect of storage before canning.—During 1926, two series of experi­
ments were run to determine the influence of the freshness of the product 
on the keeping qualities. Enough beans for 240 pints were securcd at one 
time. Sixty pints were canned soon after they were gathered. The beans 
that were kept for one, three and five days before canning were stored in 
market baskets in a basement room with a temperature range of from 
22 to 26° 0. The beans that had stood one day required Ys cup more water 
to fill the jars than the fresh beans. They appeared to be in good condition. 
The three day old beans M'ere in very poor condition, some molded, some 
with decomposing areas, some dried and shrivelled, and the color was 
changed from a deep green to a yellowish green. They were tough and 
hard to snap. They required % cup more water to fill the jars than the 
fresh beans. The five day old beans were in much tlie same condition as 
the three day, but showed more decomposition and drying. 
The beans which were canned when fresh and processed 2^/^ hours or 
longer showed little spoilage. The beans that had stood one day or longer 
before they were canned showed considerable spoilage although the per­
centage did not increase in any regular order. The relation of the fresh­
ness of the product, process time and keeping qualities can be seen from 
this table. 
TABLE V. Showing relation of freshness of beans to keeping qualities. 
Canned after 1, 3, 5 
Canned fresh days 
Processed hours or more 1.3%* 37.5% 
Processed 2 hours or less 23.4% 41.3% 
•Percentages represent spoilage. 
Effect of time elapsing before completion of seal.—Twenty-eight pints 
of beans were canned with a view to noting the effect of a slight delay in 
completing the seal after the beans came from the boiler. Occasionally the 
last jars removed from the boiler are uncovered for a short time by the 
water level going below the rubbers as other jars are lifted out. This ex­
periment was carried out to see whether those that have the seal uncom­
pleted for a time have as good.suction and as good keeping qualities. With 
4 jars the seal was completed in 15 seconds after removing from the boiling 
water, mth 4 in 30 seconds, with 4 in 45 seconds and with 16 in 60 seconds. 
The lapse of one minute after the jar is taken from the boiler before 
the completion of the seal was not enough to make any difference in the 
suction or keeping of the product. 
Summary of beans canned under ordinary conditions.—Of the 238 pints 
of beans canned under ordinary conditions and processed for 21/2 hours 
or more, there were only two pints which spoiled (0.8%). Of 144 pints 
which were processed for 2% hours only 0.6% spoiled. With lower periods 
of heating the amount of spoilage was very much higher: the 2, 1% and 1 
hour process periods showed spoilage to the extent of 6.9%, 34.4% and 
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45.5%, respectively. For the beans canned under ordinary conditions, 21/2 
lioui-s was a satisfactory time for processing. 
The spoilage data from 906 pints of string beans canned under differ­
ent conditions indicate that string beans can be processed in the hot water 
bath without having a high percentage of spoilage if the storage tempera­
tures are not high, if the beans arc canned soon after gathering, and if 
reasonable precautions are taken against adding large numbers of bac­
teria to the jars. 
SWEET CORN 
The results of the observations on sweet corn canning arc summarized 
in Tables V and VA. 
The corn was cut in the Maine style, the tips of the kernels being cut, 
from the cob and the milk scraped out. The corn for each jar (320 grams) 
was mixed with 160 grams of boiling water and brought slowly to boiling. 
It Avas packed into the jar as hot as possible and processed at once. The 
jars were stored and observed for a period of about eight months for the 
1926 series and five months for the 1927. 
Effect of storage before canning.—In 1926, two series were run where 
freshness of the product was a variable. The corn for three days canning 
was brought in at one time. One portion was canncd immediately, one 
portion was canncd after one day and one after two days. It was kept in 
bushel baskets in a basement room at about 23 to 25° C. The corn after 
one and two days storage had heated, and when canned the temperature 
inside the ears was from 28 to 35° C. It smellcd slightly sour as it was 
cut from the cob. After the corn was canned the reaction of that canned 
after storage was 0.2 to 0.4 of 1 pH unit lower than that of the fresh corn. 
The bacterial count of the corn increased greatly on standing, as shoAvn 
below: 
Bacterial Count 
A Series Fresh corn 
1 day 
2 day 
B Series Fresh corn 
1 day 
2 day 
(Before precooking 
54,000 per c.c. 
825,000 " " 
1,375,000 " " 
31,000 " " 
230,000 " " 
190,000 " " 
After precooking) 
50 per c.c. 9 > > n 
240 " " 
10 " " 
6 " " 
2100 " " 
In 1927 one series consisted of corn that had been gathered the aftei'-
noon before and stored over night in the basement room at 23° C. as com­
pared with a control series which consisted of corn from the same garden 
gathered by 9 o'clock the next morning and the processing begun within 
three and a half liours. The temperature of the freshly gathered ears of 
corn was about 18° C., while that of those stored overnight was between 
28 and 30° G. There was no change in the pH of the canning mixture dis-
eernable by the colorometric method. The bacterial count was increased by 
the storage, as indicated below. 
Bacterial count 
(Befoi'c precooking After prccooking) 
Fresh corn 3,000 per c.c. 5 
Stored com 640,000 per e.e. 20 
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In the three series designed to ascertain.the effect of storage before 
canning the results obtained varied. In series "A" 1926, there was three 
or four times as much spoilage Avith the fresh corn as with that which had 
stood one day before canning. In series "B" the opposite was true. The 
fresh com kept much better than the corn that had been stored one day. 
In 1927, the sei'ies "C" that was run with corn stored over night before 
canning showed more spoilage with the corn gathered in the morning than 
with that gathered the night before. Some of these results are contrary 
to what would ordinarily he expected. There are many factors involved. 
The pH change was similar in the "A" and "B'"' series, so would 
not have been the controlling factor. It seems that a possible 
explanation may be that in some cases the bacteria present arc 
in more resistant fom than in others. In series "A" it is pos­
sible that the bacteria, even though greatly increased in number after one 
day, were of a less resistant form at the time of processing. Thus the fresh 
material showed a bacterial count of 54,000 per c.c., which dropped on pre-
cooking to 50 per c.c., whereas the material which had been stored for one 
day had an initial count of 825,000, which was reduced to 2 per c.c. 
through the simple process of precooking. This would indicate that al­
though tliero were more organisms present in the "one day" material there 
were actually fewer heat resistant or spore forms. After two days storage 
the bacterial count rose to 1,375,000, which dropped to 240 per c.c. as a re­
sult of precooking. On the basis of the relative incidence of resistant forms 
as indicated by the count after precooking the amount of spoilage would be 
expected to be greatest in the "two day" material and least in the "one 
day". This was in line with the results obtained. This line of reasoning 
IS not adequate to explain all of the results, however, for in the "B" and 
C series the amount of spoilage was not cori'clated with the number of 
organisms remaining after precooking. Wo must assume, therefore, that 
tlie resistance of the organisms surviving the precooking process, as well 
as the numbers,_ is a detemining factor. 
On the basis of the results obtained, one could not predict in advance 
whether storage would have a favorable or unfavorable effect on the keep-
inix qualities of corn. There would be no way of determining, previous to 
canning, whether or not the 'bacteria were in the most resistant stage, so un­
til fiu'ther work is done along this line tlie assumption that fresh material 
Iceeps better is the better one to follow. 
Effcct of delay in processiiifj after prccooldng.—In this scries the corn 
was piecooked and packed into jars. Twenty-four jars were processed im­
mediately, 24 were allowed to stand 3 hours, 24 were allowed to stand 6 
hours and 24 w-erc allowed to stand 15 hours before processing. Cooling 
and reheating temperature curves were noted. In one hour the precooked 
corn had cooled to 54° C., in two hours it had coolcd to 44° C. and in three 
hours to 32° C. The room temperature was 29° C. It took 95 minutes for 
th]s_ coolcd corn to reach the processing temperature after it was placed in 
boihng water while the com packed hot and processed at once reached the 
processing temperature in 40 minutes. The bacterial count before pre-
conking showed 7800 per c.c. of liquid, while afterward it showed 4 per c c 
The count in the same jar changed to 10 at the end of 3 hours standing! 
165 at the end of 6 houi-s, and 22,800 at -the end of 15 houre. The liquid 
from the 15 hour sample when boiled showed only 3 per e.e. 
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TABLE V. Showing spoilage records of 578 pints sweet corn canned under differ­
ent conditions. 
Process time in hours | 4 | 3% j 3 j 2 | 1% 
Variable observed | Percentage spoiled 
Effect of storage before canning 
Series "A" (1926) 
Canned fresh 36.4 36.4 54.5 100* 
Canned after 1 day 9.1 9.1 9.1 63.6 
Canned after 2 days 81.8 72.7 80* 100 
Series "B" (1926) 
Canned fresh 9.1 0 0 72.7 
Canned after 1 day 40.0* 27.3 27.3 72.7 
Canned after 2 days 9.1 36.4 45.5 45.5 
Series "C" (1927) 
Canned fresh 18.2 9.1 63.6 
Canned after overnight storage 0 18.2 27.3 
Effect of addition of acid (1927) 
No acid added 100 100 81.8 
Phosphoric acid added 0 0 18.2 
Citric acid added 0 0 9.1 
Effect of delay in processing after precooking (1927) 
Processed immediately 0 27.3 
Processed after 3 hours 9.1 0 
Processed after 6 hours 18.2 36.4 
Processed after 15 hours 18.2 63.6 
Effect of batch of material 
tBatch canned on 8/23, 1926 36.4 36.4 54.5 100* 
t " " " 8/26, 1926 9.1 0 0 72.7 
" 8/25, 1927 9.1 18.2 18.2 
t 8/26, 1927 18.2 9.1 63.6 
t " " " 9/6, 1927 0 27.3 
9/9, 1927 0*^ 9.1 36.4 
t " " " 9/12, 1927 100 100 81.8 
•Percentage based on 10 jars. 
••Percentage based on 9 jars. 
Other percentages based on 11 jars. 
tNoted also in sections above. 
TABLE VA. Summary of spoilage of sweet corn canned with batch of material 
and process time the variables. 
Process time in hours 4 1 31/2 3 2 1% 
Number jars stored 53 1 22 77 76 11 
Number jars spoiled 8  1 4 ,  21 45 . 9 
% spoiled 15.1 1 18.2 27.3 59.2 81.8 
The effect of delay in processing after precooking is uncertain. A 
delay of three hours gave one jar more, spoilage in. the three hour process, 
but considerably less in the two hour. A delay of six or fifteen hours re­
sulted in more spoilage in both the three hour and the two hour , process. 
Effect of addition of acid.—^In this series 2.6 c.c. o normal phosphoric 
or 2.0 c.c. 5 noiTOal citric acid was added to 160 grams of cold water poured 
over the 320 grams of corn for each jar before precooking. The reaction of 
the water containing phosphoric acid was pH 2.4 and that containing citric 
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was pH 2.9. The acidified corn after processing was pH 6.0, while that 
with no acid added was pH 6.9. 
The addition of acid had a pronounced beneficial effect on the keeping 
of the sweet com. On the day; the addition of acid was used as a variable, 
there was almost 100% spoilage in that canned Avithout acid, while Avith 
the acid there was no spoilage in the 2 or the 3 hour process and compara­
tively little in the 11/2 hour. The sweet corn canned with acid had an acid 
flavor that was strong enough to be objectionable to some individuals. 
However, when 1/4 teaspoon of soda was added to the pint of corn, as it was 
heated for serving, the acid flavor disappeared and a palatable product re­
sulted. Living organisms which grew and produced acid but not gas in 
dextrose broth tubes were obtained from 29 of the 33 jars canned without 
acid on this day, from 4 of the 33 jars canned with phosphoric acid and 
from 2 of the 33 jars canned using citric acid. 
The two hour process time with the addition of either citric or phos­
phoric acid gave satisfactoi-y results. 
Ejfect of hatch of material.—Coi-n canned on different days showed 
considerable variation with ]'espect to the proportion which spoiled. Thus 
of eleven jars prepared on each of a number of days and processed for 3 
hours the spoilage records were as follows: Aug. 26, 1927—none; Sept. 6, 
1927—none; Aug. 26, 1927—one; Sept. 9, 1927—one; Aug. 26, 1927—two; 
Aug. 23. 1926—six; Sept. 12, 1927—all. This made a variation of from 
0 to 100% in the amount of spoilage using the same method and process 
time on different days. 
The variation in keeping qualities on different days for the various 
process periods may be summarized as follows: 
2 hour process—18 to 100 % spoilage 
3 hour process— 0 to 100 % spoilage 
31/^  hour process— 0 to 36.4% spoilage 
4 hour process— 0 to 27.3% spoilage 
These results with com treated as nearly the same as possible showed 
that an undetermined factor influenced greatly the keeping of the corn.. 
No explanation of the difference in keeping could be gained from a compari­
son of the maturity of the coi'n and the resulting difference in consistency 
of pack and heat penetration, the previous weather conditions, the bacterial 
count before and after precooking, the pH of the corn, the pH of the 
water used, the titrable acidity of the corn, the tejiiperature of the ear of 
corn, or the barometric pressure on the days of canning. Probably the con­
trolling factor is the nature and heat resistance of the organisms that hap­
pen to be present on the corn at the time of canning. 
Since the difference in spoilage is due to a factor which we did not 
control and have not definitely determined, we are unable to give data 
for a completely satisfactory process time for corn without the addition of 
apid. "When the acid was added to the extent of 2.0 to 2.6 c.c. of 5 normal 
citric or phosphoric acid for each pint of corn, there was no spoilage after 
two hours processing in the water bath. 
SWISS CHARD 
Methods used in canning.—The general method used for canning vege-
talbles was used for the chard except that the pans u.sed to precook the 
chard were large, tightly covered sauce pans. In 1926, only two table­
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spoons of water were added to each 475 grams of ehard in the preeooking. 
In 1927, % cup of water and 350 grams of ehard were used for each pint 
jar. In 1926, the chard was opened after seven months and in 1927 after 
about five jnonths storage. 
The chard that was allowed to stand one day before canning Avas kept 
at a temperature of 24° C. in bushel baskets. It was not wilted enough to 
bo noticeable, 'but had lost 5.5% in weight during storage. 
The chard canned with a loose pack contained 204 grams per pint, 
while that •with a solid pack contained 475 grams per pint. Aluminum 
caps were used on 12 additional pints canned with the loosely packed chard. 
The jars canned to show the effect of delay in processing after pre­
eooking were allowed to stand in a warm room (24° C). during the interval 
between packing and processing. Bacterial counts at intervals, and tem­
perature cooling and re-heating curves were taken. The number of bac­
teria in the chard after preeooking did not increase appreciably in three 
hours and was only doubled in five hours storage. The chard had cooled 
to 56° C. at the end of one hour, to 42° C. at the end of two hours and to 
36° C. after three hours standing in a room at a temperature of 24° C. It 
took 45 minutes for the jar that had cooled to 36° C. to reach the process­
ing temperature after it was put into the hot water bath, while the chard 
which was processed immediately after preeooking reached the processing 
temperature in 15 minutes. This difference was due to the dilierence in 
initial temperature in a product with slow heat penetration. 
The chard that was canned with the addition of acid contained 1.5 c.c. 
of 5 normal phosphoric acid or 1.0 c.c. of 5 normal citric acid per 190 c.c. 
water which was added to each jar. The reaction of the liquid used was 
pH 3.6 for the citric and pH 3.2 for the phosphoric acid. After processing 
the reaction of the liquid on the non-acidified chard was pH 6.1, that 
ti-eated with phosphoric acid was pH 5.8 and that to which citric acid, had 
been added was pH 5.6. After five months' storage the reaction of all jars 
of chard was about pH 5.4. 
Results.—The results obtained from the Swiss chard canning are sum­
marized in Tables VI, VII and VIIA. 
Swiss chard canned fresh kept much better than that allowed to stand 
one day after gathering before canning. This is shown in Table VI. 
TABLE VI. Showing the relation of storage before canning to spoilage. 
Canned after 1 day-
Canned fresh storage 
Processed 2^ hours or more 2.3 %» 13.6% 
Processed 2 hours 27.3% 45.5% 
•Percentages represent spoilage. 
In the series of experiments carried out to ascertain the effect of the, 
consistency of the pack, the Swiss chard packed loosely kept better than 
that packed solidly. There was no spoilage in either pack with the 2^> 
hour process. For the 2 hour process there was no spoilage in the loosely 
packed, but 18.2% in the solidly packed jars. For the hour process 
the spoilage was 9.1 and 36.4% for the loose and solid packs, respectively. 
Pleat penetration is slow in a substance with the consistency of Swiss chard 
and the more solid the pack the longer time required for the center of the 
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jar to reach the processing temperature. This difference in rate of heat 
penetration into the center of the jar accounts for the greater spoilage in 
the firmer pack. 
The chard canned with aluminum caps kept as well as that for which 
zinc caps were used. 
The chard that was processed at once after precooking shov/ed con­
siderably less spoilage than that in which there was a thr-ee or five hour 
delay in processing. In view of the fact that this delay resulted in a 
marked drop in temperature (from 87° to 36° C.), the actual period this 
mat-erial which had stood was subjected to the processing temperature was 
alDOut thirty minutes less than that of those jars which were processed im­
mediately after precooking. This was shown by the heat penetration curves 
previously mentioned. 
TABLE VII. Showing spoilage records of 352 pints of Swiss chard canned under 
different conditions. 
Process time in hours 4 3% 3 2% 2 1% 1 
Variable observed Percentage spoiled 
Effect of storage before canning (1926) 
Chard canned fresh 
Canned after 1 day storage 
0 
9.1 
9.1 
18.2 
0 
18.2 
0» 
9.1 
27.3 
45.5 
Effect of consistency of pack (1927) 
Loose pack 
Solid pack 
to 
0 
0 
18.2 
9.1 
36.4 
Effect of delay In processing after precooking (1927) 
Processed immediately 
Processed after 3 hours 
Processed after 6 hours 
0 
0 
18.2 
9.1 
54.5 
54.5 
Effect of addition of acid (1927) 
No acid added 
Phosphoric acid added 
Citric acid added 
9.1 
0 
9.1 
18.2 
0 
0 
63.6 
9.1 
0 
•Percentage based on 10 jars. 
tPercentage based on 23 jars (12 with aluminum caps). 
Other percentages are based on 11 jars. 
TABLE VIIA. Summary of spoilage of jars of Swiss chard canned under ordinary 
conditions.* 
Process time in hours •4 3% 3 2% 2 1% 1 
Number jars stored 
Number jars spoiled 
% spoiled 
11 
0 
0 
11 
1 
9.1 
11 
0 
0 
55 
0 
0 
44 
6 
13.G 
44 
8 
18.2 
11 
7 
63.6 
•Excludes material stored before or after precooking and material to which acid 
was added. 
The addition of acid to the chard increased the probability of its keep­
ing at the shorter process time lengths. In the 1 hour process, 63.6% of 
the non-acidified chard spoiled, Avhile 9.1% of that wth phosphoric acid 
spoiled and none of that with citric acid. In the 1% hour process, 18^2% 
of the "no acid" spoiled and none of that to which either citric or phos-
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phorie acid had been added. In the 2 hour proccss, 9.1% of the "no 
acid", none of that to which phosphoric acid was added and 9.1% to which 
citric acid was added spoiled. Tliis 9.1% represented only 1 jar and the 
albscnco of spoilage in the 1^^ and 1 hour processes with the citric acid 
series would indicate that this is a chance occurrence and ordinarily we 
should anticipate no spoilage with the 2 hour process in the presence of 
the acid. 
Of the 55 jars of Swiss chard canned un.der ordinary conditions, there 
was no spoilage in the 2i/^ hour process. The fact that one of the jars pro­
cessed 3% hours spoiled makes a spoilage percentage of 1.1 for the 88 jars 
processed 2^^ hours or more. The percentage of spoilage at other process 
time lengths was 13.6% for the 2 hour, 18.2% for the 11/2 hour-and 63.0% 
for the 1 hour. Two and one-half hours was a satisfactory process time foi' 
the chard canned. 
TOMATOES 
Methods used in canning tomatoes.—The tomatoes secured for canning 
were in poor condition due to a rainy season. When the topiatoes were 
brought to the laboratory they were sorted and all that showed decomposi­
tion were discarded. Thus on the first day only those wliich showed no 
decomposing areas were used. Tomatoes to be canned two days later were 
stored in bushel baskets at a temperature of 21-22° 0. After storage, many 
of the tomatoes had rotted places in them. These were cut out and the 
tomatoes used. The tomatoes were washed, put into wire baskets, im­
mersed in,boiling water for 30 seconds, dipped in cold water and taken out 
at once. The skins were removed. The tomatoes were cut into quarters and 
packed tightly into hot jars, and the jars filled to within i/i inch of the top 
with tomato juice. The jars were left in hot water (50° C.) for one minute 
to prevent breakage when plunged into boiling water. The tomatoes canned 
fresh had a bacterial count of about 500,000 per c.c. of juice as they went 
into the jar, while those canned after two days storage had a count of over 
2,500,000 per c.c. 
The storage period for the processed tomatoes was between seven and 
eight months. 
Residts.—The condition of the tomatoes when canned made a decided 
difference in their keeping qualities, as shown in Taibles VIII and IX. 
Tomatoes canned on the day they were gathered showed no spoilage ^vlhen 
procssed 20 minutes or longer, while those stored for two days before can­
ning showed spoilage in all processes under 35 minutes. 
TABLE Vin. Showing the relation of storage before canning to spoilage. 
Canned fresh Canned after 2 days 
Processed 20 minutes or more 
Processed 12 minutes or less 
0 %" 
52.4% 
14.6% 
42.9% 
•Percentages represent spoilage. 
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The i-elation of the keeping of the tomatoes to the temperature reached 
in the center of the jar is shown by the heat penetration figures on tomatoes 
obtained by Redfield (1927) and noted below. 
Length of time of Maximum Tem- Number of min- Number of min-
process (in min- perature reached utes center of jar utes center of jar 
utea) in center of jar— was above G0° C.* was above 70° C. 
°C. 
5 48.6 0 0 
12 57.2 0 0 
20 71.1 >35 4 
25 72,7 >40 18 
35 84.1 >40 33 
45 90.5 >55 41 
*Taken as an arbitrary temperature for evaluating killing time of non-sporeformers. 
It is interesting to note that with the fresh product sterilization was 
adequate when the process was long enough for the center of the jar to 
reach 71° C. Because the center temperature continues to rise after the 
jars are removed from the boiler, the 20 minute process kept the contents at 
the interior of the jar above 60° C for over 35 minutes. 
Twenty minutes was an adequate process time for tomatoes canned 
shortly after they were gathered, but inadequate for tomatoes that had 
been kept two days and showed evidence of rot before canning. 
TABLE IX. Showing effect of storage of tomatoes before canning on the length of 
Time Necessary to Process (126 pints). 
Process time in minutes 45 35 25 20 12 7 
Variable observed Number spoiled 
Tomatoes canned fresh 0 0» 0 0 6 5* 
Tomatoes canned after 2 days 0« 0* 2 4» 1 8* 
Percentage spoiled 
Canned fresh 0 .0» 0 0 54,5 50* 
Canned after 2 days 0* 0* 18.2 40* 9.1 80« 
•These figures represent spoilage from 10 jars. 
Other figures represent spoilage from 11 jars. 
BEEP 
Methods in canning beef.—The beef canned was round and fore-
quarter cuts from 20 month heifers which had been killed and kept for one 
to two days at 0 to 2^ 0. before processing. Beef was secured from^ two lots 
of animals having a similar history, a control series being run each time. 
The meat was secured from the meat laboratory of the Animal Husbandry 
Department of the college. 
For the control method the meat was wiped with a damp cloth, cut 
into pieces convenient for packing and 453 gram portions were packed into 
hot jars, One teaspoon salt was used to each pint jar. The filled jars 
were placed in hot water for one minute to avoid breakage when plunged 
into the boiling water. 
In one series the relative quantity of water present was used as a vari­
able. Seventy-five e.c. boiling water was added to fill the interspaces in 
the jars. 
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To ascertain the effect of the addition of bone in canning beef, a small 
part of the round bone was allotted to each jar and the weight made up to 
453 gi'ains with lean beef. 
In another series of observations the effect of the relative amount of 
fat was studied. This was done by replacing 100 grams of the lean beef 
by suet in 48 of the jars. 
In another series of 48 jars, the beef was partially cooked before being 
put into the jars. It was weighed, seared in hot frying pans until well 
browned and packed hot into the hot jars. Seventy-five c.c. of hot water 
was put into each frying pan and heated to boiling and this unthickened 
Ijrown sauce was poured over the meat. 
Another series was made up of beef that had been allowed to ripen at 
temperatures from 0-2° C. for 15 days before canning. 
The finished jars of beef were stored at about 24° C., observed from 
time to time and those jars showing evidence of spoilage were removed and 
e.xamined chemically and bactriologically. The total period of observa­
tion was eight months. At the end of this time the remaining jars were 
examined. 
Results.—No spoilage was shown by the 151 pints of beef processed 
for 3 or 4 hours. There was 2.6% spoilage in the beef processed 2 hours 
and 100% of the beef that was processed for 1 hour spoiled. The variables, 
the presence of bone, the relative amounts of water and of fat, precooking 
and ripening before canning, made no significant difference in the keeping 
flualities of the beef. The results obtained with beef are shown in Table 
X. Three hours was a satisfactory process time for the beef canned under 
the conditions of the experiments. 
TABLE X. Showing spoilage record of 301 pints of beef canned under different 
conditions. 
Process time in hours 4 3 2 •1 
Material used Percentage spoiled 
Control beef "A" 0 0 0 loot 
Beef with water added 0 0 0 100 
Beef with bone added 0 0* 0 100 
Beef with fat added 0 0* 10* 100 
Control beef "B" 0 0» 0 100* 
Beef browned befofe packing 0 0 8.3** 100 
Beef ripened before paclcing 0 0 0 100* 
Summary 
Total jars stored 77 74 77 73 
Total jars spoiled 0 0 2 73 
Total % spoiled 0 0 2.G 100 
*10 jars stored. 
*•12 jars stored. 
t9 jars stored. 
Other percentages based on 11 jars stored. 
PORK 
Methods used.—The variables employed in the canning of pork aside 
from length of process time were the addition of water, addition of e.Ktra 
fat, precooking before processing and the use of ground loin as compared 
210 GERTRUDE SUNDERLIN 
with cut pieces of loin. The control method was that used for the beef, 
453 grams loin being used for each jar. The loin from 10 months old hogs 
was used. This was procured one to five days after the hogs had been 
killed. Loin was secured from two similar lots of hogs, a control series be­
ing riiii each time. 
When water was added as a variable 45 c.c. was enough to fill the 
intei'spaces of the jar. 
The ground loin (sausage) procured was made up of about 70% lean 
and 30% fat. The amount of sausage used in each jar was 475 grams. The 
sausage with extra fat added consisted of 425 grams sausage and 50 grams 
added fat. This .made about 37% fat in the sausage. 
For the sausage that was partially cooked before packing, 475 grams 
were weighed and formed into cakes (seven cakes per jar). They were 
browned well in a fiying pan and packed hot into the jars. The fat from 
the pan was poured over the sausage. 
The storage period for the canned pork was over eight months. 
Results.—Of the 130 pints of pork processed 3 or 4 hours none showed 
any evidence of spoilage. These results are summarized in Table XI. Of 
those given the 2 hour process, 2 of the 10 jars of sausage with extra fat 
added spoiled. No other spoilage occurred in the 2 hour process. In those 
jars processed one hour, spoilage was very high, from 45.5 to 100% in all 
except the sausage that had been cooked before packing. In this series 
there was no spoilage. 
The only variable, aside from time of process, Avhieh made a marked 
difference in the keeping of the product, was cooking of the sausage before 
packing. 
The spoilage in the 2 hour process in the sausage with extra fat added 
may or may not have been accidental. The heat penetration figures of 
Redfield (1927) with packs of sausage similar to these showed the sausage 
with extra fat added took 20 minutes longer to reach the processing tem­
perature than the sausage without the extra fat. This may have been a 
reason for more spoilage in the series with extra fat. Tliree hours was a 
satisfactory process tiane for the pork .canned. 
TABLE XI. Showing spoilage records of 2G2 pints of pork canned under different 
conditions. 
Process time in hours 4 3 2 , 1 
Material used Percentage spoiled 
Control loin 0 0 0 45.5 
Loin with water added 0 0 0 54.5 
Control sausage "A" 0* 0 0 100 
Sausage with extra fat 0 0 20* 100 
Control sausage "B" 0 0 0 100 
Sausage browned before packing 0* 0 0 Of 
Summary 
Total jars stored 64 66 65 67 
Total jars spoiled 0 0 2 44 
Total % spoiled . 0 0 3.1 65.7 
*10 jars stored. 
tl2 jars stored. 
Other persentages based on 11 jars stored. 
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SUMMARY 
1. Spoilage records on 2732 pints of vegetables and meats canned by 
the hot water bath method are presented. 
2. The main variable used throughout the experiments was the length 
of process time. Other variables for vegetables were, various periods of 
storage before canning, precooking, scalding or packing cold, addition of 
pliosphoric and citric acids, delay in processing after precooking, character 
of caps and rubbers, consistency of the pack, lapse of time before comple­
tion of the seal, and different storage temperatures after canning. Vari­
ables for meats other than process period were the addition of water, of 
bone, and of fat, partially cooking the meat before processing, the use of 
ripened beef and the use of ground pork. 
3. Process ti;mes found entirely satisfactory, under the conditions of 
the experiments, were 2V^ hours for beans and chard, 3 hours for beef and 
pork, and 20 minutes for tomatoes. 
' 4. A process period of 3 hours for asparagus and 4 hours for sweet 
corn did not give satisfactory results. When these products were acidified 
with eithe.r phosphoric or citric acid, a process period of 2 hours was found 
to be sufficient for preservation. 
5. Aside from the period of processing, the factors of greatest signifi­
cance as regards vegetables were length of storage before canning, addition 
of acid, storage temperature after canning, previous history of the caps 
employed, consistency of the pack (with chard) and delay in processing 
after precooking. 
6. Precooking the sausage improved the keeping of the product. 
Other variables studied with meats, aside from processing period, showed 
no significant differences. 
7. "Whether better results would be oibtained by the home use of the 
pressure cooker than by using the hot water bath method for the periods 
found to Ijc satisfactory in this study remains to he established. 
8. The work reported in this paper was concerned with the keeping 
qualities of the processed materials, but the question of the possibility of 
food poisoning, if the material has been infected with such organisms as 
CI. hotulinum, was not investigated. We are not aware of any evidence, 
however, of botulinus poisoning from foods canned in Iowa. 
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STUDIES IN HOME CANNING 
rr. INDICES OP SPOILAGE IN HOME CANNED POODS."® 
IHTRODUCTIOH 
In connection with an investigation of the keeping qual­
ities of vegetables and meats canned by the hot water bath 
method (Sunderlin, Nelson and Levine, 1928), a routine examina­
tion was made of each of 2990 jars. These examinations served 
as bases for detection of spoilage in the canned products. 
Obviously there must be some criterion or criteria for sep­
arating those Jars considered spoiled from the others. In 
this study all jars of canned foods which showed evidence of 
bacterial growth or changes due to bacterial growth by or­
ganoleptic, bacterial or chemical tests were pronounced 
spoiled. This is a more severe criterion than that used in 
most of the other reported investigations of spoilage in hone 
canned foods, 
HISTORICAL 
In studies on spoilage in home canned foods various 
criteria have been used to ^udge what products are spoiled. 
*This work was made possible through a fellowship maintained 
by the Ball Brothers Company, Muncie, Indiana. 
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Blester, Weigley and Knapp (1921), using taste as the 
criterion, regarded as spoiled those jars which were con­
sidered inedible by the majority of the Judges. They stated 
that in several cases the degree of spoilage was so slight 
that the judges disagreed. 
Skinner and Glasgow (1919) made a bacteriological examina­
tion of Jars of canned asparagus after nine months storage. 
They made aerobic and anaerobic cultures from both the un­
spoiled and the spoiled food. They found that jars that 
were apparently keeping might contain living organisms, and 
that spore forming aerobes such as those of the B. subtilis 
group, B. vulgatua and B. megatherium were the types most 
often found associated with the spoilage of asparagus. Q?hey 
also noted that those jars treated with vinegar (when canned) 
showed the presence of organisms leas frequently than did 
those not so treated. 
Normington (1919) in the examination of home canned peas 
noted physical appearance, titrated for acidity, made aerobic 
and anaerobic plate counts as well as direct microscopic 
counts, and made two sets of gelatin agar shakes, one of 
which was heated to SQOg., while still liquid, to determine 
the presence of spores. She later made a chemical analysis 
of two cans of spoiled canned peas which had been inoculated 
with "Bacillus A", an organism previously Isolated from 
canned peas. The appearance and odor of the inoculated peas 
Were almost normal, but the peas were found to "be softer and 
fajore watery on mashing. The juice was cloudy. The taste of 
the peas was somewhat flat. Gas analyses showed a high per­
centage of CO2 and H and a small percentage of 0 and N. An 
increase in acidity was shown by both titration and pH» 
Creatinin and ammonia were increased in the spoiled peas. 
She suggested that the determination of creatinin and 
ammonia, especially the former, may serve to detect bacterial 
decomposition in canned peas. 
Edmondson, Thom and Giltner (1922) noted the condition 
of the jar and its contents, the hydrogen ion concentration, 
the types of bacteria present in the juice as determined by 
Gram stained smears, and types of bacteria found in aerobic 
and anaerobic cultures. Only part of the jars canned were 
opened and subjected to these tests. The remaining jars 
were examined for physical evidence of spoilage such as gas 
production, foul odor, and disintegration of the material. 
They stated that "the correlation between these findings 
and the bacteriological results was so close that for prac­
tical purposes the material could be judged as spoiled or 
not by a physical exajnination of the jar". They applied the 
word spoiled to those jars in which there was an active 
growth of anaerobic bacteria. 
The examination of commercially canned foods and the 
detection of spoilage in foods in general are so closely re-
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lat6d to the subject in hand that they are briefly reviewed 
in the appendix of this paper. 
EXPERIMENTAL 
Methods* 
One jar from each boiler of canned foods was opened as 
soon as possible after canning and examined bacteriologically 
and chemically to serve as a basis for comparison later. 
The jars stored were observed at regular intervals and were 
opened and examined as soon as spoilage was evident. The 
remaining jars were opened at the termination of the experi­
ment, after a storage period of five to nine months. 
The spoiled jars included 63 of asparagus, 166 of string 
beans, 49 of Swiss chard, 190 of sweet corn, 26 of tomatoes, 
75 of beef and 46 of pork, making a total of 615 jars. 
These were, with few exceptions, from underprocessed materials 
although in many cases additional factors such as the use of 
vegetables which had been held for several days and storage 
of the processed materials at high temperatures exerted a 
determining effect. 
The observations and tests made on each jar in the 
routine examination were aa follows: appearance, suction, 
odor, pH, titrable acidity, amino K and ammonia as shown by 
Sfirenson fomol titration, microscopic examination of the 
7 
sediment, bacterial counts on plates at 37 and 20®C. and in 
dextrose broth tubes. Under appearance were included gas 
production as evidenced by bubble forrnation, bulged caps or 
broken seals; cloudiness of the liquor; sediment; color of 
the product; consistency and disintegration; and formation of 
patches of growth. 
Suction or vacuum was determined by quickly pulling the 
rubber from beneath the Mason cap with a pair of pliers. A 
sharp sound due to the inrush of air was taken to indicate 
a satisfactory vacuum. A spurting of the liquid from the 
jar indicated pressure, while an absence of sound was re­
corded as "no suction". When a perfect seal was secured 
during the canning process the new Mason caps were drawn in 
by suction (due to partial vacuum) as the products, cooled. 
Any raising or bulging of the caps was indicative of pressure. 
As quickly as possible after the cap was removed, the 
odor of the product was noted. Any apparent abnormality was 
recorded, 
The pH of the liquid In the jars was determined color-
imetrlcally. Phenol red, bromthymol blue, chlorphenol red, 
bromcresol green, methyl red and bromphenol blue, were the 
indicators found most suitable. 
Total acidity was determined by titrating 10 cc. of the 
liquid, which had been diluted with 10 cc« of boiled neutral­
ized distilled water containing 1^ phenolphthalein, against 
n/20 NaOH. The figure obtained divided by two gave the per-
~ 8 -
eentage of normal acid. 
The liquid which had been neutralized by the titration 
for total acidity was used for the araino IT and aiwnonia de­
terminations. (SSrenson formol titration.) To this liquid 
was added 10 cc. 50% neutral formaldehyde which contained 1% 
phenolphthalein. It was then titrated with n/20 NaOH, and 
multiplied by the factor 70 to obtain the number of milli­
grams ammonia and amino nitrogen per liter. 
Gram stains were made of the sediment in the jars. The 
material waa obtained by lowering a sterile pipette into the 
jar, the upper end held closed by the finger until the bottom 
of the jar was reached. The finger was raised slightly, 
allowing a little liquid to enter the pipette, then lowered 
again. The pipette was drawn up and a drop of the liquid 
allowed to dry on a clean slide. In the microscopic exam­
ination of the Gram stain, the relative number and morph-
ology of the organisms and the presence of spores were 
noted. 
Bacterial counts were determined at 20° and 37°C. on 
Bacto nutrient agar. In the case of tomatoes, tomato agar 
v/as used for plating. Special media made from beans and 
corn were used at first for the growth of organisms from the 
spoiled beans and corn, but no advantage was observed. 
Dextrose broth with Andrade*s indicator in Durham 
fermentation tubes was employed for evidence of acid and gas 
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production and to allow for growth of some organisms which 
would not grow on the aerobic plates. The tubes were heated 
for ten minutes in boiling water and quickly cooled before 
transfers of 1 cc. of the liquid from the jars were made into 
them. Thejpresence and character of growth and acid and gas 
production^ were noted after two days and one week at 37®C. 
In determining which jars of vegetables and meats were 
spoiled tl^e following criteria were taken as positive 
evidence of spoilage; f 
(1^) any marked change in appearance. 
(2) any change in odor. 
(5) a broken seal, bulged cap or pressure on opening. 
(4) a change in pH of 0.2 or more as compared with the 
normal jars of the same series, 
(5) a change of 1 cc, or more titrable acidity or 
; formbl titration as compared with normal jars 
of the same series. 
/ (6) numerous organisms showing in the stain of the 
; sediment. 
' (7) excessive counts as indicated by the plate or 
dextrose broth count, 
/In assembling and studying the data the indices of 
spoilage were grouped xinder three general heads: 
/ (1) physical evidence of spoilage (organoleptic tests), 
including appearance, odor and suction (vacuum) 
changes. 
/ (2) chemical evidence of spoilage, including change 
in pH, titrable acidity, and formol titrati-on, 
(3) bacteriological evidence of spoilage, including 
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increase in the numbers of organisms in the stain 
of the sediment or the living organisms in plate 
counts or dextrose broth. 
The data were coded and tabulated on punched cards and 
the "Hollerith punched cards handling machines" were used for 
compilation and correlation of results. 
Results. 
Relation between physical, chemical and bacteriological 
indices of apoilage. The interrelationships betv/een the 
physical, chemical, and bacteriological tests used to detect 
spoilage in 615 jars of vegetables and meats classed as 
spoiled are summarized in Table I. In 200 {32,b%) of the 
615 Jars of spoiled food examined, there was an absolute 
correlation between the physical, chemical and bacterio­
logical indices of spoilage. In the different products 
examined, the correlation varied from less than 20% in the 
case of Sv/iss chard to more than 50% in the case of aspara­
gus. 
In 106 (17.2^) of the 615 spoiled Jars there was evidence 
of spoilage by physical tests, but by neither the chemical 
nor bacteriological tests used. Of the spoiled chard 55^ 
fell into this group, whereas, in only one jar (3.8$^) of 
tomatoes was the evidence of spoilage restricted to the 
physical tests. 
In 65 (10.6J^) of the 615 jars spoilage was evidenced by 
both the physical and chemical, but not by the bacteriological 
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TABLE I. 
THE WUMBER AND PERCENTAGE OP JARS SHOWING EVIDENCE OP SPOILA 
Indices of spoilage Asparagus Beans Chard Com 
Physical:Chemical:Bacteriological 
63 jars 166 jars 49 ,1 Bv s 190 1 jars 
1 
+ + + 33 (52.4) 36 (21.7) 9 (18.4) 68 (T5,8) 
+ - 7 (11.1) 41 (24,7) 27 (55.1) 14 ( 7.4) 
+ + 4 ( 6.3) 32 (19.3) 5 (10.2) 19 ( 10.0) 
+ - + 11 (17.5) 46 (27.7) 8 (16.3) 16 (i 8.4) 
- + -f 6 ( 9.5) 1 (  0 . 6 )  0 (0) 13 ( 6.8) 
 ^ mm + 2 ( 3.2) 6 (  3 . 6 )  0 (0) 57 ( 30,0) 
0 (0) 4 ( 2.4) 0 (0) 3 ( 1.6) ; 
+ 55 
* 
(87.3)355 (93.4) 49 (100) k7 (pel.6) 
+ 45 (68.3) •73 (44.0) 14 (28.6) ilD3 (i54.2) 
• 
+ 52 (.82.5)-89 
• 
• 
(59.6) 17 (34.7)354 (i 81.1) 
• —...W. 
^Numbers in parentheses indicate 
Other numbers indicate number of jars showing positive evidence 
of spoilage. 
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Jim EVIPEKGE OF SPOILAGE BY PHYSICAL, CHaflCAL, AWD BACTERIOLOGICAL TESTS. 
All products 
Chard Corn Tomatoes Beef Pork 615 jars 
. '  t  »3 49 iar s 190 jars 26 Jars 75 Jars 46 jars 
7) 9 (18.4) 68 (Ts.a) 7 (26.9) 28 (37.3) 19 (41.3) 200 (32.5) 
r) 27 (55.1) 14 ( 7.4) 1 ( 3.8) 15 (20.0) 1 ( 2.2) 106 (17.2) 
5) 5 (10.2) 19 ( 10.0) 0 (0) 1 ( 1.3) 4 ( 8.7) 65 (10.6) 
7) 8 (16.3) 16 (' 8.4) 15 (57.7) 29 (38.7) 3 ( 6.5) 128 (20.8) 
3) 0 (0) 13 ( 6.8) 0 (0) 1 ( 1.3) 8 (17.4) 29 ( 4.7) 
5) 0 (0) 
> 
57 ( 30,0) 3 (11.5) 0 (0) 4 ( 8.7) 72 (11.8) 
1) i 0 (0) 3 ( 1.6) 0 (0) 1 ( 1.3) 7 (15.2) 15 ( 2.4) 
, 
i) 
. : ; 
:49 (100) iIL7 ( 61.6) 23 (88.5) 73 (97.3) 27 (58.7) 499 (81.1) 
D) 14 (28.6)303 ( 54.2) 
• 
7 (26.9) 31 (41.3) 38 (82.6) 309 (50.2) 
5) 
• 
17 (34.7)354 ( 81.1) 
• 
25 (96.2) 58 (77.3) 34 (73.9) 429 (69.7) 
Lve evidence 
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tests employed. Spoiled beans and corn were particularly 
likely to be found in this group, Tlius 52 of the 65 jars in 
this group were beans and ,19 corn. 
In 128 (20,8?^) jars of spoiled products the physical and 
bacteriological tests only v/ere positive. There was consider' 
able variation in the proportion of the different products 
falling in this group, ranging from 6.5^ in the case of pork 
to 57.7^ for tomatoes. 
Twenty-nine {4,7%) of the 615 jars showed no spoilage 
by physical means.but did give positive evidence by both the 
chemical and bacteriological tests used. In general the 
proportion of jars falling in this group was small, ranging 
from practically none in chard, beans, tomatoes, and beef 
to 17.4% for pork. Thus if the chemical and bacteriological 
tests were positive, the probability of not observing 
physical signs of deterioration was slight. 
Seventy-two of the 615 jars gave evidence of spoilage 
by bacteriological tests only. Fifty-seven of these were 
of corn; these constituted of all of the spoiled corn. 
The physical tests, if employed alone, are apparently more 
likely to be misleading in the case of corn than in any of 
the other products studied. Very few jars of other products, 
aside from corn, were judged spoiled on the bacteriological 
basis only. 
Only 15 (2.45^) of the 615 jars of spoiled food showed 
chemical evidence of spoilage without showing either physical 
13 -
OP bacteriological evidence. Seven of thesse jars were under-
processed sausage v/here the only apparent abnormality was a 
decrease in pH. The other products showed none or very low 
percentages of spoilage evidenced by chemical tests alone. 
In, this series of observations, if v/e had depended on 
the physical teats alone as the criterion of spoilage 116 of 
the 615 jars called spoiled would have been missed. The 
physical tests used did not include taste, and it is probable 
that an "off" flavor would have been apparent in many of these 
116 jars, especially in those where there \7as a change in pH 
or acidity, as in the corn and the porlr. (Taste was purpose­
ly omitted from the criteria, because it is felt that it is 
undesirable and unwise to test canned foods for spoilage by 
actually bringing them in contact v/ith the mucous membranes 
of the mouth). Spoilage was evidenced by physical tests in 
499 jars (81.1^), by chemical tests in 309 jars (50.2^), and 
by bacteriological tests in 429 jars (69.7^). In general, 
physical evidence was a good criterion of spoilage in aspara­
gus, beans, chard, tomatoes and beef, but not as good in corn 
and porlc. Chemical evidence of spoilage showed up in 82.6^ 
of the cans of spoiled pork but in less than 50% of rnost of 
the products. Bacteriological evidence of spoilage v/as de­
tected in only 34,7^ of the spoiled chard but in over 59^ of 
each of the other products. 
Of all the jars showing spoilage by the physical tests 
used (499 jars), only 66% showed evidence by the bacterio­
logical tests and 53J^ by the chemical ones. Of those showing 
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spoilage "by the chemical tests (309 jars) 86^ showed physical 
signs of spoilage and 74^ bacteriological. Of those showing 
bacteriological evidence of spoilage (429 jars) 1<6% showed 
physical evidence and bZ% chemical. These relations are 
brought out in Table II. 
TABLE II. 
THE RELATIONS OP PHYSICAL, CHEMICAL AND 
BACTERIOLOGICAL INDICES OF SPOILAGE. 
Ser­
ies 
Positive evi- rUumber 
dence of spoilage xf .lars 
Percentage of each series show 
ing spoilage by tests employed 
Physical Chemical Bacterio­
logical 
I Physical : 499 100%" 53% 66;!^ 
II Chemi cal ! 309 86^ lOOfo 74^ 
III Bacteriological : 429 *76fo 100^ 
It appears from a consideration of the data in Tables I 
and II, that while physical evidence is the best single index 
of spoilage, it would be necessary' to eiTiploy both chemical 
and bacteriological tests as well if it is desired to detect 
all the spoilage. 
Relative value of various determinations. A summary of 
the incidence of spoilage observed by the various tests em­
ployed is given in Table IH, Of the different observations 
classed under physical evidence of spoilage (odor, appearance 
and suction), the odor of the product was better as an index 
TABLE XXX» 
SHOWING INCIDENCE OF SPOILAGE OBSERVED BY VARIOUS PHYSICAL, ' 
Index of Spoilage 
Asparagus 
63 .lars 
Beans 
166 jars 
chard 
49 jars 
. Corn 
190 ja rs 
Change in appearance 27 
* 
(42.9) 89 (59.6) 34 (69.4) 32 (16. 8) 
Caiange in suction 17 (27.0) 42 (25.3) 15 (30.6) 51 (57.i8) 
Change in odor 49 (77.8) 334 (80.7) 36 (73.5) 99 (52. 1) 
Change in pH 39 (61.9) 56 (33.7) 13 (26.5) 91 (47. 9) 
Change in titrable acidity 28 (44,4) 47 (28.3) 8 (16.3) 322 (64. 2) 
Change in forraol titration 0 (0) 0 (0) 0 (0) 0 (0) 
More organisms in stain 49 (77.8) 65 (39.2) 8 (16.3) 88 (46. 3) 
More organisms in aerobic count 9 (14.3) 29 (17.5) 10 (20.4) 95 (50., 0) 
Growth in dextrose broth tubes 17 (27.0) 42 (25.3) 12 (24.5)i 
1 4 
123 (64.| 
• • 
•7) 
*5uinlDers In parentheses indicate percentages. 
Other figures indicate number of jars showing positive evidence 
of spoilage. 
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OBSERVED BY VARIOUS PHYSICAL, 
CHEMICAL AND BAGTEK10LOGICAL TESTS. 
Chard 
49 jars 
•tomatoes 
26 jara 
Seef 
75 Jars 
Porlr 
46 jars 
"^otal 
615 Jara 
IS Beans 
166 Jars 
. Com i:_. 
190 .la rg 
* 
9) 
0) 
3) 
9) 
4} 
B) 
Z) 
0) 
89 (59.6) 
42 (25.3) 
334 (80,7) 
56 (33.7) 
47 (28.3) 
0 (0) 
65 (39.2) 
29 (17.5) 
42 (25.3) 
34 (69.4) 
15 (30.6) 
36 (73.5) 
13 (26.5) 
8 (16.3) 
0 (0) 
8 (16.3) 
10 (20.4) 
12 (24.5) 
32 (16. 8) 
51 (57. 8) 
99 (52. 1) 
91 (47.i9) 
322 (64. 2) 
G (0) 
88 (46. 3) 
95 (50.0) 
323 (64.7) 
10 (38.5) 
15 (57,7) 
23 (88.5) 
4 (15.4) 
6 (23.1) 
0 (0) 
25 (96.2) 
12 (46.2) 
16 (61.5) 
64 (a5.3)iL4 
28 (37.3):15 
55 (73.3):24 
7 ( 9.3)*:33 
26 (34.7>17 
20 (26.7);13 
33 (43.4): 17 
49 (65.^J29 
54 (72.0):32 
(30 .^  
(32.6) 
270 
183 
(52.2)420 
(vi.-^ 243 
(37.0)254 
(28.3): 33 
(37.0)285 
• 
(63.0:235 
(69.^:296 
(43.9) 
(29.8) 
(68.3) 
(39.5) 
(41^3) 
( 5.4) 
(46.3) 
(37.9) 
(48,1) 
tages. 
showing positive evidence 
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of spoilage tlian appearance or auction change, except in the 
case of spoiled beef where appearance was altered in Tiore jars 
than was the odor. Appearance was a good index of spoilage in 
beans, chard and beef, but not so dependable in the other 
products. A change in suction was evident in 57.7^ of the 
jars of tomatoes, but in less than ZQ% of the jars of any of 
the other materials. 
The chemical tests used for the detection of spoilage 
(total aclditj', pH and formol titration) varied greatly in 
their value with the different food products. The fonnol 
titration, as would be expected, was not a good index of 
spoilage in the vegetable products. There was a decided 
change In formol titration in beef and pork when decomposition 
was advanced, but this test was of no value in detecting In­
cipient decorapoaition. A significant difference in formol 
titration was observed in only 26 - 29% of the samples of 
beef and pork which had spoiled. The change in pH was more 
frequently sufficient to regard as significant than the 
change in titrable acidity in asparagus, beans, chard and 
pork, but the change In titrable acidity was more marked in 
corn, beef and tomatoes. These variations are due to the 
character of the products and the types of spoilage. For 
Instance, in pork sausage it was often observed that the only 
evidence of spoilage was a decrease in pH unaccompanied by 
any appreciable increase in total acidity, while in beef and 
- 17 -
corn the spoilage was often characterized "by marked increase 
in titrable acidity with little change in pH. Both the pH 
and the titrable acidily teats should be made in order to 
detect change in acidity. 
T5ie presence of organisms capable of growing 3.n dextrose 
broth tubes was a more frequent index of spoilage than the 
other bacteriological tests used in the case of chard, corn, 
beef and pork; but in asparagus, tomatoes and beans the 
appearance of ntimerous organisms in the microscopic examina­
tion of the sediment was the most frequent bacteriological 
index of spoilage. In spoilage caused by bacteria, one might 
expect to invariably be able to either see or isolate the 
organisms responsible. The experience encountered in this 
study was that in 30^ of the Jars judged spoiled, organisms 
were not observed either by staining methods or by attempts 
at cultivation. This is in line with the experience of 
Bitting and Bitting (1917) who found that the length of time 
the organisms live in cans may vary from a few days to seven 
years, and that the bacteria may disintegrate so they do not 
even show in the stain. Weinzirl (1919) also found that 6 
of 20 "hard swells" failed to show organisms. The difficulty 
of differentiating bacteria from amorphous matter in the 
stains of some products like corn, the possibility of the 
organisms developing and dying within a few days and the 
likelihood of autolytic enzymes disintegrating the bacteria, 
- 18 
as well as the chance of having organisms present which will 
not grow under the conditions used for cultivating them, all 
combine to make a negative bacteriological evidence of spoil'-
age unreliable. On the other hand, the fact that there may 
be living organisms (spores) in canned foods which are not 
considered spoiled complicates the interpretation of results. 
The necessity for drawing a line somewhere, in the inter­
pretation of the significance of the bacterial counts ob­
tained from the products tested, led us to arbitrarily con­
sider a count of more than 25 living organisms per cc. as 
evidence of probable spoilage. 
In general, of the different indices of spoilage used 
in this series of observations, odor ranks highest. In all 
the products but corn and pork the odor was altered in over 
70^ of those jars classed as spoiled. Considering all of 
the spoiled samples, change in odor was evident in 66,5% 
of the jars. This was more than 20% above what was obtained 
with any other test employed. The growth of organisms in 
dextrose broth tubes, presence of organisms in the stain, 
change in appearance, titrable acidity and pH^ and organisms 
in aerobic plate count ranked in the given order, ranging 
from 48.1/^ to 3'7*9% of the Jars spoiled; while the suction 
change and forraol titration variation ranked lowest as indices 
of spoilage. 
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Relation between change In acidity and pH. In some of 
the products and acme types of spoilage, there was no apparent 
correlation between change in acidity and pH. This was true 
of spoilage in corn, beef, and pork. The jars of corn froin 
one series were spoiled by an anaerobic spore former, with 
the production of a great deal of gas and a decided odor. 
The titrable acidity in these jars v/as markedly increased, 
but in only one of them was there a decrease in pH. On the 
other hand, there were ten jars of spoiled corn which showed 
a decrease in pH without an appreciable increase in titrable 
acidity. Pour jars of beef showed an increase both in pH 
and in titrable acidity; in 20 others the titrable acidity 
rose but without a corresponding change in pH; and in one jar 
there was a distinct increase in acidity as measured by pE 
with no appreciable change in titrable acidity. In 21 jars 
of spoiled pork which showed no abnormal variation in ti­
trable acidity the pH decreased; in five jars titrable 
acidity increased whereas the pH remained unchanged; and in 
two jars a decrease in titrable acidity was accompanied by 
an increase in free acidity as determined by pH. 
This lack of correlation between titrable acidity and 
hydrogen ion concentration may be explained on the basis of 
various types of organisms growing in buffered mediums and 
producing end products which have different reactions, dis­
sociation constants and buffer values» The spoilage in the 
meat was in jars which had been only one or two hours in the 
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boiling water bp.tin, fherefore, many types of organisms would 
survive this processing time and temperature. 
In the beans and asparagus which were spoiled, it was 
observed that the change in hydrogen ion concentration was 
well correlated with that of titrable acidity. 
The formol titration in beef and pork as an index of 
spoilage. It is evident from a comparative study of the 
figures for the formol titration of the spoiled and the un­
spoiled beef and porlc that while b decided increase in formol 
titration indicates sr)oilage, a titration v/ithin the normal 
range does not necessarily point to the absence of spoilage. 
Figure T shows the distribution of formol titration results 
from both the spoiled and the unspoiled products. In many 
of the spoiled 5ars there v/as a m&rVed increase in form.ol 
titration; on the other hand in many jars of meat showing 
spoilage or incipient decomposition the form.ol titration did 
not vary from that of the unspoiled meat. 
That a decided increase in amino nitrogen and M3 (form.ol 
titration) was closely related to advanced decomposition and 
that formol titration was not an aid in detecting incipient 
decomposition were evident from a study of the data. The re-
lation between increase in formol titration and odor as 
observed with 121 jars of spoiled beef and pork is shown 
below. 
Humben of Jans 
/60r :rr-
IZO] 
100 T 
aor 
60 
/6o 
m 
IZO; 
ZOO:-
80i 
- f'l 
. FiGUFiEL... I• 
Fnecjuenc^ Disinrbuhon 
of 
Fbr^moJ Tlincrtlon jn 
Jans of Pork 
UnspoilecJ Jons l&Si 
' Syod/ /ed Jons 4-6 
/a 8Z 40 48 cc /^zo NoOH fib^ u/necf 
Frequencu Disinihuhon 
'•H 
r 
Fonmol Tfinairon m 
Jors  o f  Bee f .  
Unspo! led Jans 3^ 
Spoiled Jons 7S 
40 48 S& 
Noi&: cc'Yso /VaOHnec^umsd fo neufroh'ze /occ.l/c^uid 
(^"ysp l^oOH 
22 
Odor 
Ho. 
of 
,^ars 
Formol titration 
Deviation from normal 
Mg.N per liter. 
Jars showing 
no change. 
Jars 
showing 
change. 
Normal 42 38 4 
Slightly off 36 0 34 2 
Off or putrid 43 980 16 27 
It was found that the jars of beef and pork which showed 
decided physical evidence of spoilage, particularly disin­
tegration, and were consequently opened before the end of the 
experiment (19 days to 5 months) showed, as a rule, a much 
greater increase in formol titration than those jars in v/hich 
physical evidence of spoilage was not marked, and which, in 
consequence, were stored for the entire duration of the 
experiment (8-9 months). This relationship is brought out 
by the figures given below. 
Formol titration 
No. 
of Deviation from normal. 
Mg.H per liter. 
Jars shov/ing 
no change. 
«»sLrs 
showing 
change. 
^i'ars opened 
because of dis­
tinct evidenoei 
of spoilage. 
45 860 18 27 
Jars opened 
at close of 
experiment. 
76 4,9 70 6 
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The relation between increase in acidity and In formol 
titration in spoiled meat« There was a correlation between 
the change in total acidity and the change in formol titration 
in the jars of spoiled beef and pork. This is shown in Table 
IV. 
TABLE IV. 
SHOWING RELATION BET1.VEEN INCREASE IN ACIDITY AND IN 
PORIOL TITRATION IN 121 JARS OP SPOILED BEEF AND PORK. 
Number of 
jars 
Average acid de­
viation from 
normal cc.'*^ 
Average formol titra­
tion deviation from 
normal. Mg.N per liter 
3 -80 7.7 
78 0 5.6 
16 56 154.0 
12 138 700.0 
8 258 2282.0 
4 482 
4 
1890.0 
» 1 
*In terms of cc. normal NaOH to neutralize 1 liter of 
sample. 
In the 78 jars of spoiled meat where the total acidity 
was similar to the unspoiled meat, there was almost no change 
in formol titration. In the 16 jars that had an Increase in 
acidity of 2.6 cc. there was a corresponding increase of -
154 mg. per liter amino nitrogen and NH3. (formol titration). 
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In the 12 that showed an increased acidity of 6.9 cc. 
there was an increase of 700 ing.H. In the 8 jars that showed 
an increase of 12.9 cc. in acidity the formol titration in­
creased to the extent of 2282 mg. amino nitrogen and MH3 per 
liter. These figures show a positive correlation between in­
crease in titrable acidity and in the development of amino 
nitrogen and ammonia as determined by the formol titration. 
A heat resistant anaerobic Actinoinyces found in spoiled 
beans. Actinomycete-like forms were observed in the stain of 
the sediment of 30 jars of the spoiled string beans, which 
had been processed from one to four hours in the boiling water 
bath. Spoilage of canned products due to actinomyces was not 
anticipated, as the thermal death time of the actinomycete 
spores is usually given as not longer than one hour at 80 or 
900c. Bergey (1919), however, noted two thread-like therrno-
pMlic organisms which required two hours at 100®G. for kill­
ing. It is also true that most species of the genus 
Actinomyces are aerobic forms and thus would not grow in the 
sealed jars. Of the 64 species of Actinomyces listed in 
Bergey»s Manual of Determinative Bacteriology (1923), only 
one is described as anaerobic and three as microaerophilie. 
The beans in which the actinomycete-like forms were 
observed had been either underprocessed, kept one or more -
days after gathering before canning, or incubated at 37°C. 
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In two of the jars incubated at 37*^C., a clump of 
actinomycete growth as large as a pea was visible on a bean 
submerged in the liquid. This growth was cream, pink and 
white in color and consisted of smooth, compact nodules 
forming a mass with an irregular surface. 
That the organisms grew anaerobically or at leant under 
partial anaerobic conditions in the jars ?/as shown by the 
evidence of suction as the jars v«'ere opened. 
In view of the fact that the center of a jar of beans 
processed in a boiling water bath reaches the boiling temper­
ature in less tlian one hour, it seems that in the tT;o jars 
processed for four hours the organisms resisted the boiling 
» • I I , I t ,  I  
temperature for over tiii'ee hours.'!';. Qf.'',th£i ,'remaining jars show­
ing these organisms, seven had l">eeii boiled for three hours, 
seven for two and one half h^urs, eight for two hours, and 
six for one hour. 
Transfers were made from the two jars showing nodular 
growths into thirteen different kinds of media, including the 
standard culture media as well as bean agar, beans in large 
tubes, carrot plugs, glycerin agar, potato agar, casein di­
gest agar, and 2^ milk agar. The media were incubated at 
37®C» under aerobic and anaerobic conditions. 
The only growth which resembled the original clump was 
secured after an incubation period of five weeks in a iJovy-
jar in which the air had been displaced with hydrogen, at 
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37®C. One colony was observed on a veal infusion agar plate. 
A stain of this colony shov/ed the actinomycete-like organisms, 
and transfers were made into veal infusion agar and bean agar 
on plates and tubes and into sterilized string beans in large 
tubes. After one month in a Uovy jar at 37®C., a small clump 
developed in one tube of beans. A stain of this shov/ed the 
characteristic structures of the actinoraycetes. 
Due to the length of time it takes for visible growth 
to occur and the irregularity of occurrence of growth in the 
tubes inoculated,^ a detailed study of the cultural character­
istics has not been possible. 
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Stained Mounts of Actinomyces from Jars of 
Spoiled Beans. 
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FIGURE U 
Clump of Achnom(jces 
on B&on 
I Pb -himea ociuol size 
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SUMMRY AND CONCLUSIONS 
1, Data regarding the indices"©f spoilage in 615 jars of 
spoiled canned foods are presented. 
2* 'Phe criteria used for judging spoilage are described. 
These included physical tests such as appearance, odor and 
suction; chemical tests for total acidity, pH and the forraol 
titration; and bacteriological tests such as rrticroscopic 
examination of the sediment, plate counts at 37 and 20®C., 
and growth in dextrose fermentation tubes. 
3. Physical evidences were more frequent indices of spoil­
age than either the chemical or bacteriological tests used. 
No one group of tests was sufficient to detect all cases of 
spoilage. It was necessary to employ physical, chemical and 
bacteriological tests to detect all spoilage. 
4. Of the different tests used, change in odor ranked 
highest with respect to the detection of spoilage. Change in 
suction and in formol titration ranlced lowest. 
5. In spoiled beans and asparagus change in hydrogen ion 
concentration was well correlated v/ith change in titrable 
acidity. In spoiled beef, pork, and corn, there was no 
apparent correlation between change in titrable acidity and 
In hydrogen ion concentration. 
6. A decided increase in formol titration indicated spoilage 
in beef and pork, but a titration within the normal range did 
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not necessarily indicate absence of spoilage. That the in­
crease in forraol titration was an index of advanced decora-
posltion and not of incipient decomposition of meat was shown 
hy the correlation of increase in forraol titration with pro­
nounced odor as well as with distinct physical evidence of 
spoilage before the jars were opened* 
7, There was a correlation between increase in titrable 
acidity and increase in formol titration in the spoiled meat. 
8. A heat resistant anaerobic actlnomycea was found in 
Jars of spoiled beans. 
- 31 -
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APPEfiDIX I 
REX^IEW OP CLOSELY RELATED LITERATTTHE 
-57' 
!nie following is a condensed review of part of the litera­
ture upon the examination of spoiled canned foods and the de­
tection of spoilage in foods* 
1911 Bacon and Dunbar (1911) reported that canned tomatoes  ^
vihen 3ound» contain no volatile acids, but a consider­
able amount of citric acid and invert sugar  ^ while 
vihen spoiled they contain quite large amounts of 
volatile acids and little or no invert sugar or citric 
acid* 
Howard (1911) described a method for microscopic examina­
tion of fruits and tomatoes for detection of molds, 
yeast and bacteria, and disintegration of the plant 
cells* 
1915 Schneider (1915) outlined the micro-analytical and 
bacteriological methods in the food and drug labora­
tories and suggested using Eber*s test to dst^ ct putre­
factive change in meat. The test as described appears 
to be a qualitative test for HHg. 
1916 Bigelow (1916) outlined the methods eD5>loyed by technical 
laboratories in the Inspection of cajmed foods. a!hese 
asethods included external appearance of container  ^
odor, flavor, and appearance of contents, microscopical 
and bacteriological examinations, determination of 
acidity, and the composition of the gas in cans with 
bulged ends« 
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Blllings (1916) stated that canned goods may manifest 
their tcasanitary condition hy becoming swelled due to 
the deT6lo|»nent of gas within the can  ^ or by sourness 
OP putrefaction, or the presence of living or dead 
micro-organisms in excessive numbers. 
Tillmazpand Sildner (19X6) investigated chemical means 
of detection of incipient deeos^osltion in meat* The 
determination of ammonia and of amino nitrogen gave 
positive results only when the meat had reached an ad­
vanced stage of putrefaction, Th  ^devised a method 
for judging the condition of the meat toy the amount of 
dissolved os^gen remaining in an aqueous extract after 
various periods of incxibatlon« If the oxygen had 
disappeared within four hours after incubation th© food 
was judged unfit for use. 
1917 Bitting and Bitting (1917) described a method for deter­
mining spoilage and potential spoilage In packs of 
canned goods. They recomoiended the study of the history 
of th© foods in question; selection of representative 
cans; observation of gross appearencej incubation of 
cans at 37 and 55®C« for one to fifteen days? use of a 
vacttum gauge to determine whether a vacmBa is or is 
not present? testing of the gas in swelled cans for 
hyd3?ogenj inspection of the contents as to color/ 
texture, consistency, odor and flavor and for small 
Infected spotsf inspeotion of the can for rust spots. 
-39-
blacfc patches and eroslonj exazainatlon of th© matainsd 
liqtiid microscopically for actively motile organisms; 
and the Inoculation of culture media under aearobic and 
anaerobic conditions in all cases of doubfc. 
Bttshnell and Utt (1917) examined 52 samples of varioius 
brands of canned salmon for bacteria. They used 
dextrose fermentation tubes^ agar plates, agar shalces^ 
milkjj and ends agar with negative resiilts. 
Howa£»d, Burton and Stevenson (1917) reported the results 
of a five-year investigation to establish a basis for 
Judging tooaato products* In their experience, tomato 
products from stock judged acceptable by visual in­
spection never showed hi^ counts of inicro-^rganlaitts, 
while products from stock which was not good or was 
isi^roperly handled showed hig^ counts* 
1919 Brsaer {1919) stated that incipient deecaaposition in 
sausage and canned foods can be detected by inoctilating 
dextrose bouillon with a small portion of the sample 
incubating at for 24<^48 hoxirs and noting whether 
or not gas is produced during fchis period. This method 
was based on the opinion that all bacteria which are 
harmful to healthy when they gro\? in food, ferment 
dextrose broth with gas production. 
Falk, Baumann and McGuire (1919) tested decomposing seat 
for total nitrogen, ammonia, creatine and creatinine 
and purine nitrogen. Different strains of organlsmB 
showed marked differences as well as similarities in 
cha33Lges» The purine values decreased rapidly iwlth 
som organisms, and distinctly increased irf.th others^ 
tomonia increased in every case aM they suggested 
that this be of value in det62?mining v^ftien the 
nsaat beccnaes unsuitable for use. 
FaHc and McGuire ^1919) determined the auanonia content 
of meat undergoing!; decomposition, lieat that decom­
posed at room teu^erature containing 0.3 to 0#4 mg. 
amnjonia nitrogen per gram of meat was unfit for food, 
Tsfeile that decomposed at 0 to 5®C» mi^^t contain as 
hi^ as 3#0 nig, aiaaonia nitrogen per gram before the 
meat ms unfit to eat^ 
Hunter and !E!hcHQ (1919) emphasized the fact tliat "sterility 
is not to be confused with fitness for food.** Cultures 
from 530 cans of salmon showed 237 unsterile cans, but 
only 13 with active spoilage* !Hiey stated that the 
pres^ce of living bacteria has little significance as 
to the quality of the product when the can is opened, 
since some of the sterile cans wei»e found on chemical 
examination to contain putrid and decomposed fish, 
vshile many of the cans from which bacteria were grown 
contained apparently sound fish. 
Weinzirl (1919) examined baeteriologically 1018 sarapleo 
of banned goods. He noted the cozidition of the container. 
appearaoce, consistency^ odor and tast© of the coa-
tonts and the miC3?oscoplc findings, as well as makjbng 
golatla and agar plate cultures and enriclament cialtures 
In tootii at 37 and He listed the spoiled and 
suspected canned goods separately from those called 
commercial canned foods (evidently not spoiled), but 
stated that amoas the suspected cans strane sainples were 
included the contents of which were entirely sound. 
He found, as have other investigators, that sound 
canned foods are not always sterile but may contain 
viable spores of "bacteria# 
1921 Bigelow (1921) discussed methods for the detection of 
spoilage in canned foods. He divided them into organ­
oleptic (appearance, color> odor, taste) hacteriologl-
eal and chemical and the examination of the can. He 
stated that when organoleptic examination shows ab­
normal products bacteriological examination will often 
dlselos© tSie reasons. iThe hanging drop sometimes gives 
evidtmce of spoila^ before sterilization^ Certain 
products of bacterial spoilage such as high acidity may 
b© detected by dtiemical methods. He stated that a 
qualified analyst is better able to Judge of the sound­
ness of a sample by organoleptic examimtion than by 
examination by u^ans of bacteriological anfi chemical 
methods* 
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TlllmaBs, Strohecker end SchSltze (1921) modified the 
Tillmansand Mildner*s oxygen consumption method for 
detection of incipient decomposition in meat* fhey 
devised two other tests.  ^their nitrate reduction 
test, meat in incipient decay gave no nitrate reaction 
after four hours incubation# The decolorization of 
methylene blue in less than one hour was taken to in­
dicate incipient decomposition* 
1922 Glough (1922) found that, in general, when more than 1.5 
fflg. of indol per 100 gm. Is found in canned salmon, a 
considerable degree of decomposition has taken place» 
He made quantitative determinations of indol in 544 
cans of salmon. As some of these had a strong tainted 
odor and yet contained very little indol, the absence 
of indol cannot be taken as evidence that decompoaition 
has not taken place. Rather close correlation was 
found between the nuafiber of bacteria present from day 
to day during spoilage and the indol content. The indol 
producing power of 299 different bacterial cultures from 
salmon was tested and gave only 31/^  positive testa. 
The volatile nitrogen increased from day to day during 
salmon decomposition, but owing to its probable foma-
tlon during the cooking process it was not a suitable 
xaaasure of decomposition in canned salmon. It was of 
value in raw salmon. The free fatty acids of salmon 
oils gave very unsatisfactory results as a measure of 
decomposition. 
Peterson (1922) made bacteriological and chemical 
analyses of normal and discolored kraut and ooncltided 
that disoolored kraut was characterized hy hl^  
alcohol content^  low lactic acid, low s^ar, and the 
presence of large ntambers of wild yeasts. 
Savage, Huowiche and Calder (1922), in a study of the 
bacteriology of canned meat and fish concluded that 
sterility is not in itself a reliable teat of soundness 
and that saa l^es cannot be 4^stif iably condemned mere­
ly because they are not sterile, 
1923 Clark  ^ Glou ,^ Fellers and Shostrom (1923) described 
their systematie method of examining canned salmon  ^
5he i?ork included physical, bacteriological and chemi­
cal examinations  ^
Hunter and Linden (1923)^  in an Inrestigatlon of oystsr 
spoilAgej^  fotmd that the spoilage of shucked oysters 
is more or less definitely correlated with the i^ drogen 
In concentration of the oyster liquor. Oyatera pass­
ing from good to stale changed from 6»1 to 5*6 while 
those with a pH of less thaa 5.0 were usually in an 
advanced stage of decomposition. Teast cotints, the 
number of lactic fementing organisans and bacterial 
counts from the oyster meats were found too variable 
to be of significance in determining spoilage of oysters. 
-44-
Schoonholz, Esty and Meyer (1923) in studying coiT^ela-
tioxi of tcocln production and signs of spoilage in 
commercially caxnied vegetables and fruits Inoculated 
witii detoxified spores of Bacillus botulimis felt 
tliat the association of physical signs of siwilage 
with to2cicity had heen over emphasized# AsparaguS;^  
heets, spinach and string beans were scwaetlmes toxic 
without showing j^ ysical evidence of spoilage# 
Thorn (1923) stated that "a food product should he con­
sidered spoiled when a discriminating consumer, know­
ing its history or handling the 'raw* product would 
refose to eat it." 
H^ant and Tweed (1923),in a description of 3 cans of so-
called "flat sour" canned peas and inoculations into 
sterile cans of vegetables of four organisms Isolated, 
used the following testa in exaialnatlon for spoilage: 
gas production ,^ color  ^ appearance^  ^ odor  ^ consistency 
pH> and growth in shake ctdtures in dextrose agar 
at ST^C* and 65®C» They considered "flat aours" to be 
apparently normal cans whose contents had a pH below 
5«8 without the production of gas or of only a very 
amal.l quantity of gas#" 
1924. Bidaolt (1924) made twenty-four different chemical testa 
on eainaed meats vjhlch had stood from one to thirty-two 
years# He found a slight Increase with age in the amount 
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of ammonlacal nitrogen, amino nitrogen, ©specially 
that from tyrosln, and a large increase in volatile 
acids» The composition of the gases in the cans had 
changed, most of those packed ten years or more show­
ing considerable hydrogen. 
Broadhurst and Van Arsdale (1924) found that there was no 
close correlation between the rate of bacterial multi­
plication and hydrogen ion or acidity readings in food 
spoilage In the ice box* This was explained on the 
basis of mixed organisms growing in the food. They 
stated that "meastirable chemical changes and by-products 
apparently lag far behind bacterial raultlpllcation 
ratings or else mask each other. Unless organisms 
produce some marked objectionable change (musty odor, 
sourness), the bacteria may become inaumerable before a 
given foodstuff will be rejected as food. 
Fellers, Shostrom and Clark (1924) determined hydrogen 
sulfide production In bacterial ctiltures and canned 
gooseberries, salmon and shrimp* Twelve out of 53 
organlmas tested gave positive results. Canned goose­
berries which had been sprayed while tmnature with 
lime-sulfur contained large quantities of H2S when 
spoiled, but when normal none. Under the conditions 
of the e^eriment no HgS was liberated from deebmiposed 
salmon or shrio .^ 
ISarray (1924) tested methods of detecting incipient de­
composition in foods. She found the reduction of 
methylene hlue of greater value as a standard to indi­
cate the time of initial decomposition than other 
methods tried* A positive nitrate reduction was ob­
tained earlier than a great increase in bacterial 
county but the teat was somewhat too sensitive to indi­
cate incipient food spoilage. No good results were 
obtained from change in titrable acidity or hydrogen 
ion concentration. 
tEhom and Hunter (1924) stated that chemical methods in 
det^ ectlxig decomposition are occasionally effective 
but often exceedingly difficult to interpret, "!Ehe 
end products of decomposition resulting from many 
rotting processes occur in such small araoxmts and are 
fio difficult to identify that decomposition must be 
excessive before it can be detected readily#" 
Tlllmans and Otto (1924) found that the flesh of fish 
decomposes differently than that of mammals. Incipient 
decomposition in fish could be detected by the deter­
mination of HHg and amino N, thou  ^ this method fails 
to indicate incipient decomposition of meat. Pish with 
more than .OSjS HHg or more than ,1% amino H was start­
ing to spoil. Oxygen absorption could be used to 
detect spoilage in either meat or fish. !I!hey found 
the reduction of potasaiua nitrate gave varying values. 
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thousJi reduction in less thaa four hours ml^ t always 
be considei»ed a sign of incipient decomposition# The 
reduction of methylene blue was considered an indica­
tion of soraetshat more advanced decomposition# If the 
aiethylene blue was reduced within an hour, decomposi­
tion was definitely indicated. The determination of 
peptone, carbonic acidj,, indol, soluble and the 
ability to combine with iodine furnished varying or 
jjegative results# 
1926 Alsjy (1925) described a method for estimation of hydrogen 
sulfide in proteinaceous food products and found that 
H S was formed progressively during putrefaction of 
beef pork and fl:^ # 
Arbenz (1925) used the consumption of oxygen and the re­
duction of methylene blue for detecting the degree of 
putrefaction of meat# Satisfactory reaiilts were ob­
tained in testing beef, pork, veal, mutton, horse, 
mince meat, sausage, pigeon and several kinds of fish. 
Association of Official and Agricultx»*al Chemists (1925) 
described official and tentative methods for the 
analysis of canned vegetables and for tomato products# 
Cloug ,^ Shostrom and Clark (1925) tested thirty-five 
food products fjwm sixty-six sources for indol and 
skatol# They found no skatol, but concluded that the 
presence of indol may be safely taken as an evidence 
of some degr  ^ of decomposition# 
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Gloagb.^ Shoatpom and Clark (1925) gave the resiilts of an 
experimental pack of salmon showing the correlation be­
tween the gases present and the condition of the fish. 
They fotind that hydrogen, when present, is a poaitlve 
indication of decompositioni, but its absence does not 
signify that no dscorapoaition has taken place. 
Dill (1926) investigated the post-mortem disappearance 
of glycogen as a possible index to sjaoilage in clams. 
Owing to the seasonable variation of glycogen content 
of the fresh clams the amoTint present could not be 
t2sed as a criterion of the freshness of the clams 
when canned# 
Esty aM Stevenson (1925) published a detailed paper on 
the method and diagnosis in the examination of spoiled 
canned foods. They developed a routine method for 
bacterial examination of canned foods based on years 
of field and laboratory experience. They s-uggested 
correlations Involving historical^ bacteriologic and 
physical data* Their routine exajulnation includes in­
cubation of the samples to be tested, noting the condi­
tion of the container, cleaning and opening the con­
tainer, inoculating into standard plain and dextrose 
broths pH 7 with brom cresol purple indicator and 
dextrose peptic digest beef heart medium covered ^ ith 
petrolatum and incubating the tubes for at least one 
week at 57 and 55®C., noting changes in hydrogen ion 
9^-
cenoentpation of the canned product, microscopic ex­
amination of stained smears from the canned product., 
pbysical exeiolnation of the contents and examination 
of the cultures secured, ^'ith acid foods, as tomatoes 
and fruits, special media having tomato Juice as a base 
o 
and the ineuhation teaiperature of 35 to 37 are employed. 
Their paper discusses the significance of various find­
ings in their relation to the cause of spoilage# 
Sullivan (1925) reported canned "beans from a lot contln-
ing flat sours being sent to four collaborators for 
examination. ©Eiey were judged by vacuim, odor, taste, 
pH, cloudiness of liquid counts of living bacteria and 
microscopic stains* One collaborator, found that the 
acidity increased, the pE decreased, and tlie nuatoer of 
living organisms increased in the spoiled cans. 
1926 Camei^on and Esty (1926) applied the terja "flat sour" only 
to those spoiled products ^ ^ich have a distinctly sour 
taste (pH value not markedly above 5.0) without the 
evidence of ga^ production* !I!hey found that when canned 
foods spoil as a result of understerilization, "swells" 
result from anaerobic activity and "flat sours" denote the 
presence of facultative anaerobic types. The 214 cul­
tures of"flat 3our" organisms studied belonged to the 
facultative thermophilic or the obligative thermophilic 
groups. 
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1927 Savage (1927) emphasized the in^optanc© of cairying out 
en examination in a systamatic maimer as a regular 
routine for the detection of spoilage in canned foods* 
He included in his routine analysis the examination of 
the unopened tinj sterilization of the tin before open­
ing? culturing; noting the condition of the contents, 
including gas escape# appearance and odor? direct 
microscopic exaiainationj and chemical tests as titrable 
acidity and examination for tin if desirable# In rare 
cases chemical tests for evidence of decomposition are 
indicated* 
WadsiTorth (1927) described the method used by the N. Y. 
Stat© Department of Health for examJLnation of food in 
eases suspected of poisoning with Cl^ botulinum and 
Bact» ententides. 
192S Thompson (1928) described a quick method for detecting 
spoilage in packs of canned corn* The time of sampling, 
nomber of samples, and incubation temperatures and 
periods were specified* Plat soixrs were detected by 
adding a few drops of Brom eresol purple indicator to 
the com|> a yellow color indicated sourness, 
!Dhe thermopihilic anaerobes were indicated by swelling 
of the cans on incubation at 130®P* Sulphide 3;>oilage 
was shown by darkly discolored kernels and the odor of 
HgS* 
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Jars In whicli Actinoraycete-llke Forms 
were Observed In the Stain of the Sediment. 
Process time 
Series in hours Uumber of jars 
String Beans 
Canned fresh 2 2 
1-1/2 2 
1 4 
Canned fresh 
(incubated at 57^^) 2-1/2 4 
2 3 
Canned after 1 day 4 1 
2-1/2 2 
Canned after 3 days 3 3 
2-1/2 1 
2 3 
Canned after 5 days 4 1 
3-1/2 2 
3 2 
Swiss chard 1-1/2 1 
Asparagus 3 1 
2 2 
1-1/2 1 
Total ^5 
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Bacterial Counts of Vegetables as Canned 
xTumber of organisms per cc. 
Series Product 
Before pre-
cooking 
As Jar entered 
boiler. 
A 1926 Fresli corn 
Com held. 1 day 
Com held 2 days 
54,000 
825,000 
1375,000 
50 
2 
240 
B 1926 Fresh corn 
Corn held 1 day 
Corn held 2 days 
31,000 
230,000 
190,000 
10 
6 
2100 
A 1927 Fresh corn 1,800 70 
B 1927 Corn held over night 
Fresh corn 
640,000 
3,000 
20 
5 
C 1927 Fresh corn 
Corn standing 3 hrs, 
after precook. 
Corn stand5_ng 6 hrs. 
after precook. 
Corn standing 15 hrs. 
after precook. 
7,800 4 
10 
65 
22,800* 
D 1927 Fresh corn 37,000- 2 
E 1927 Fresh corn 24,000 5 
A 1926 Fresh beans 
Beans held 1 day 
Beans held 3 days 
Beans held 5 days 23,000 
<500 
<100 
<500 
>200 
B 1926 Fresh beans 
Beans held 1 day 
Beans held 3 days 
Beans held 5 days 
45,000 
750 
400 
50,000 
10 
15 
45 
50 
A 1927 Beans packed cold 
Beans precooked 
Beans scalded 
10 
13 
10 
B 1927 Fresh beans 4 
After boiling 1 minute - 3 per cc. 
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(continued) 
Number of organisms per cc. 
Series Product Before pre­
cooking 
As Jar entered 
boiler 
3 1927 Beans standing 2 hours 
after precooking. 
Beans standing 4 hours 
after precooking. 
25 
40 
C 1927 Fresh beans 2 
D 1927 Fresh "beans 0 
E 1927 Fresh beans 4 
F 192 7 Fresh beans 
Fresh tomatoes 
Tomatoes held 2 days 
2 
500,000 
2.500,000 
A 1926 Fresh chard 
Chard held 1 day 
100 
25 
A 1927 Fresh chard 430 
Agl927 Fresh chard 60 
B 1927 Fresh chard 5 
C 1927 Fresh chard 
Ghard standing 3 hours 
after precooking. 
Chard standing 5 hours 
after precooking. 
19 
8 
41 
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The Effect of Addition of Acid to Vegetables on 
the Percentage of Spoilage at Different Process Time Lengths 
Process time in hours 
Percentage of spoilag© 
5 2-1/2 1-1/2 1 
Asparagus - no acid added. 
Phosphoric scid added. 
Citric acid added. 
30 10 
0 
0 
0 
9.1 
36.4 
9,1 
-
Swiss chard - no acid added 
Phosphoric acid added. 
Citric acid added. 
9.1 
0 
9,1 
18.2 
0 
0 
8i;8 
9.1 
0 
Green beans - no acid added 
Phosphoric acid added. 
Citric acid added. 
0 
0 
0 
9.1 
0 
0 
45.4 
9.1 
0 
• 
• 
Sweet com - no acid added. ;100 
• 
• 
Phosphoric acid added.: 0 
• 
• 
Citric acid added. : 0 
ICQ 
0 
0 
81.3 
9.1 
: 18.2 
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Spoilage Records of 207 Jars of Asparagus 
Canned Under Different Conditions 
• • • • • 
Process time In hours t 3;2-l/2« 2tl-l/2; 1 
: Date :lio. jars: 
Variable observed:canned:per pro-: Humber of jars spoiled 
, ; :cess tine: 
Effect of removing scales from stalks 
Scales Tpemoved :5/lS : Ti : •' 5: :11: 
Scales not re.T.o'TOd:5/l8 : 14 ; 5: : 9: 
Effect of precooking rather than scalding 
Scalded rST^ i TS Tin ^— 
Precooked :6/5 : 11 » * : 0: • 
Effect of addition of acid 
\h acid (controlJ:5/14 : IS 5—il 5—5 T™ 
Phosphoric acid ;5/l4 :10,10,11: : : 0:0 ; 4 
No acid (control):5/23 : 10 : 3: : : : 
Citric a.cld :5/25 :11, 9>11: : : 0:1 ? 1 
Effect of batch of material 
Batch canned on :S/11 : 10 " 1 5 : 
" 
tt :5/l4 : 10 : :l 
II ti u :5A6 : 14 5 :4 13 
% " If u :5/l8 : 14 : 5: :11 li n :5/23 : 10 : 3: 
ft " n » :6/3 : 11 : 0 
•» noted also in sections above. 
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Spoilage Records of 434 Pints of Beans Canned 
in 1926 Under Different Conditions 
Process time in hours 
: ; 
; 4:3>l/2 
: ' 
3:2-1/2 
!' ' " 
2 1-1/2 
Variable observed : Huraber of jars spoiled* 
Effect of storage before canning 
Canned fresh : 0:0 
• 
1:0(10) 5 V (10) 
Canned after 1 day : 2:7(21) 3:3(10) 4 6 (il) 
Canned after 3 days flElB):l 3:4(11) 9^1) 3 (11) 
Canned after 5 days : 4:6(21) 13:5(5) inas) 
Effect of time elapsing before completion of seal 
Seal completed after 15 sec. X](4): : ; : : 
a • ft t « • 
• * . • • • • 
Seal completed after 30 sec.O(i): : : : ; 
• • « « • * 
Seal completed after 45 sec. 0(4): : : : : 
• • • * • • 
• • • • • • 
Seal completed after 60 sec.jCQS); : : ; ; 
22 jars canned where not otherv/ise indicated by number 
in { ). 
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Spoilage Records of 472 Pints of Green Beans 
Canned Under Different Conditions. (1927) 
Process time In VIOHT»S ?, 
• « 
• • 
:  1-1 /2 :  1 
Variable observed 
• • 
• * 
: number of 
• • 
• « 
jars spoiled^" 
Effect of precooking, scalding or packing cold 
Packed cold : 0 (10): 0 : : 
Precooked ; 0 I 0 : 
Scalded : 0 : K9): : 
Effect of delay in processing after precooking 
Processed immediately : 1 : 4 : 
Processed after 2 hours : 0 : : 0(12): 
Processed after 4 hours : 0 (12): : 1(12): 
Effect of storage temperature 
Basement 12 - 21"G. : 0 0 : : 
Room 21 - 28.5®C. : 0 0 : : 
Incubator 37'^C. : 8 (12) 12a2): : 
Incubator 55®C. :12 (12) 10a2): : 
Effect of character of caps and rubbers 
Half alUTninxuTi caps,half zinc: 0 (23)': 
Caps from 1926 spoiled beans: 2 (12/: 20-2) 
Rubbers used once in 1926 i 0 (lO) : : 
Effect of securing beans from different gardens 
Secured from S : 0 ( : 
Secured from H i 0 { 7) : IC*?^: : 
Effect of consistency of pack 
ri5 : 0 f" 
: 0 ; OQLO): 
Effect of addition of acid 
No acid added : : 0 1 : 5 
Citric acid added : 0 0 : 0 -
Phosphoric acid added. : : 0 0 : 1 
11 jars canned except where otherwise indicated by numbers 
in ( ) 
Loose pack 
Solid pack 
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Spoilage Records of 578 Pints Sweet Corn 
Canned Under Different Conditions. 
Process time in hours 
• • * • 
: 4 : 5-1/2: 3 i 
• 
2 : 1-1/2 
Variable observed 
• • • 
i IJumber of jars 
• ' 
spoiled 
Effect of storage before canning 1 
Series "A" (1926) 
Canned fresh 4 4 6 10' 
Canned after 1 day 1 1 1 7 
Canned after 2 days 9 8 8* 11 
Series "B" (1926) 
Canned fresh 1 0 0 8 
Canned after 1 day 4^ 3 3 8 
Canned after 2 days 1 4 5 5 
Series "C" (1927) 
Canned fresh 2 1 7 
Canned after overnight stcrgge: 0 2 3 
Effect of addition of acid (1927) 
Ko acid added 
Phosphoric acid added 
Citric acid added 
TT 
0 
0 
11': § 
0 
0 
2 
1 
Effect of delay in processing after precooking (1927) 
Processed immediately 
Processed after 3 hours 
Processed after 6 hours 
Processed after 15 hours 
TT 
1 
2 
2 
"S" 
0 
4 
7 
Effect of "batch of material 
(«Batch canned on 8/23 1926: IT 
1 
1 
2 
0# 
(« 
(•» 
ti 
II 
n 
II 
11 
n 
» 
If 
» 
n 
n 
If 
" 8/26 1926: 
" 8/25 1927: 
8/26 1927: 
9/6 1927: 
9/9 1927: 
9/12 1927: 
4 6 10 
0 0 8 
2 2 
1 7 
0 3 
1 4 
11 11 9 
•» 10 jars canned. 
f9 jars canned. Hotea also in sections above. 
Other numbers represent the spoilage from 11 jars canned. 
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Spoilage Records of 352 Pints of Swiss Chard 
Canned Under Different Conditions. 
• • • * • t • • 
Process time in hours : 4 :3-1/?>! 
• 
1 
* » * « 
* • • » 
Variable observed : Number of jars spc 
• 
>iled 
Effect of storage before canning (1926). 
Chard canned fresh 
Canned after 1 day storage 
0 
1 
1 
2 
• • 
0 :0* 
• 
2 :1 
3 
5 
Effect of consistency of pack (1927) 
Loose pack 
Solid pack 
0# 
0 
0:1 
• 
2:4 
Effect of delay in processing after precooking (l927i 
Processed imiiisdiately 
Processed after 5 hours 
Processed after 6 hours 
0 
0 
2 
1 
6 
6 
Effect of addition of acid (1927J 
No acid added 
• 
1:2 7 
Phosphoric acid added 0:0 
• 
1 
Citric acid added 1:0 0 
•» 10 Jars canned 
# 23 jars canned (12 with aluminum caps) 
Other numbers represent the spoilage from 11 .^ars canned. 
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Spoilage Records of 301 Pints of Beef Canned 
Under Different Conditions 
Profteaa -hlTne In >1011 ra J. 
Material used Itonber of .lars spoil-eil. 
Control beef "A" 0 0 0 Qjl ^rr 
Beef with water added 0 0 0 11 
Beef with bone added 0 0* 0 11 
Beef with fat added 0 O-ifr 1 11 
Control beef "B" 0 0* 0 10 
Beef browned before packing 0 0 1+ 11 
Beef ripened before packing 0 0 0 10 
» 10 jars stored 
+ 12 jars stored 
# 9 Jars stored 
Other numbers based on spoilage from 11 jars stored. 
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Spoilage Records of 262 Pints of Pork Canned 
Under Different Conditions 
groeeaa time in hours 
'.Material used Nuraher of jars spoiled 
Control loin 0 0 0 5 
Loin with water added 0 0 0 6 
Control Sausage "A" 0* 0 0 11 
Sausage with extra fat 0 0 2« 11 
Control Sausage "B" 0 0 0 11 
Sausage "browned before packing 04^ 0 0 0# 
10 jars stored 
#12 jars stored 
Other numbers based on spoilage from 11 jars stored. 
-  6 2  - i  
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A Tabulation of Factors Studied to Attempt to Account for Grejater £ 
: Previous :Condition: 
: weather : of :Baronieter 
Date: conditions rasparagus •• reading 
'Days since ijpH 
Series 
previous 
cutting 
Water 
used 
canned _ 
asparagus! 
After 
; : : 
A 5/ll:Rain :Dlrty :28.9-29.1 1 6.0 5.6 -
B 
« • « 
5/l4:I>ry 3 days;Cleaner :28,9-29.1 1 8,4 6.0 5.6 -
C 
ft • « 
5/16:Dry 5 days:Cleaner :28.8 3 8.0 6.2 5.8 
D 5/l8:Raln Dirty:29.0 1 8.0 6.2 5.8 -
E 
• • 
5/2S:Rain :Dirty :28»7 4 8.2 6.0 5.8 -
F 6/3 :Dry rCleaner :28,85 
• • • 
« • « 
2 mm 6.2 j 6.0 
0 Humber of cc» H/20 HaOH required to neutralize 10 cc. of liquid. 
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to Account for Gpeiatei' Spoilage of the Asparagus in Some Series. 
ice CC. 5^/20 HaOjH for titration© 
IS Water 
used 
canned jtMter storage 
asparagus : 
Canned 
asparagus 
After 
storage 
Keeping 
qualities 
'*6.0 
! 
5.6 - 6.0 5.1 - 3.5 2.2 - 3.6 Pair 
8,4 6.0 5.6 - 5.8 3.1 1,7 - S.5 Pair 
8.0 6.2 5.8 1.5 - 2.4 1.9 - 2.9 Poor 
8.0 6.2 5.8 - 6.0 2.1 - 3.2 1.7 - 2.9 Poorest 
8.2 6.0 5.8 - 6.1 2.0 2.3 - 3.1 Poor 
- 6.2 6.0 1.6 1.5 - 2.7 Best 
0 cc. of liquid. 
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A Tabulation of Factors Studied to Attempt to Account for Great er Sp( 
Series 
: :Previous;Maturity 
Date;SourceJweather : of corn 
Barom-
eter 
reading 
Temperature 
of ears 
PH 
Wat?>i» j;Cannedj;. Gann< 
used: Corn lafter 
A 
B 
Br 
it 
E 
S/25:Hort. ;Dry-cool;Mature 
• • * 
• « « 
8/26:Jenson:Dry-cool:Prline 
• • • 
• • • 
3/26 sJenson :Dry-cool .* Prime 
• r • 
• - • ' 
9/6 :Jenson:Dry hot : Mature 
• • • 
• • • 
9/9 :Jenson:Dry hot :Iininature 
« • « 
• • • 
9/l2:Jenson:Dry hot spriiae 
29.05 
29.1 
28.9 
180c. 
23-l/2®C, 
24® 
27° 
25° 
7.2 
7.2 
7.2 
7.1 
7.2 
5-7.0-
e.S 
• 0 i» 
6.8-7.05 
6.8-
6.6 
7.0 
6.9 
© Hum'ber of cc» n/20 NaOH required to neutralize 10 cc. of liquid. 
«• The percentage of spoilage in "E" series was much higher than in 
the others. Series "C" and "d" had the lowest percentage of 
spoilage. 
+ The corn was gathered the night "before and stored overnight in 
bushel baskets in Series B2* 
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to Account for Great er Spoilage of the Corn in Some Series. 
C C » N/20 SaOH for titration#zBacterial count 
erature 
ears 
Watei» ?;Cst3aned. J . Canned corn 
used; Corn ;after storage Canned corn 
Canned corn 
after storage 
lief ore I After 
precook precook 
1800 70 
3000 5 
640,000 20 
7800 4 
37,000 2 
24,000 5 
/20c. 
6.8 : 6.4 
7.2 
• 
6,8-7.0: 6.4 
t 
7.2 6.8-7.0* 
; 
7.2 6.6 • 
S 
7.1 7.0 ; 
7.2 6.9 ! 
10 cc. of liquid, 
ch higher than in 
percentage of 
ed overnight in 
,  I  
2.6 
3.0 
2.4 
2.3 
4.0 
3,4 
3.6 
3-8 
2.8 
4.8 
2.1 
1.8 
1.4 
1.3 
1.5 
2.6 
2.9 
2.4 
2.5 
1.6 
